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Those who are familiar with the Presidential Addresses which were 
delivered before the American Orthopaedic Association during the first 
fifty years of its existence know that, while they were almost infinite in 
variety, the theme of each had a background of science, of history, or of 
philosophy. In the past two years, however, there has been a change in 
the character of these addresses; a new note has been sounded. This 
new note has been one of questioning,—questioning as to the attitude of 
the American Orthopaedic Association toward the changing conditions 
which are rapidly developing in medicine, in its sociological aspects; ques- 
tioning as to the future position of the American Orthopaedic Association 
in the orthopaedic galaxy. The sounding of this new note is undoubtedly 
due to the rapidly changing social conditions under which we are living 
today and changes in the pattern of orthopaedic surgery, the natural result 
of its growth and progress. This change in the theme of the Presidential 
Address seems significant. It indicates, I believe, that this Association 
has not become static and contented with its years, but, on the contrary, 
is still quick, virile, and aware of the basic changes in medical practice and 
social conditions which are taking place, and alive to the new responsibil- 
ities which, in consequence, are being thrust upon it. Because, then, of 
the changing conditions within and without the specialty, it would seem 
that, for the next few years at least, your President in his Address must 
needs forsake the pattern of the past and direct his remarks toward placing 
before you the current problems and activities of the Association with such 
comments upon them as may suggest themselves to him. Stated in 
another way, the Presidential Address of today must be a sort of document 
upon the state of the Association. It is in line with this thought that 
I propose to discuss some of the problems which seem to confront this 
organization, some of the things which have been accomplished during the 

*Read at the Annual Meeting of the American Orthopaedic Association, Kansas 
City, Missouri, on May 8, 1940. 
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past year, and some things which, perhaps, still need doing,—all of these 
from the point of view of one who has for the past several years been in 
close contact with the concerns of the Association. 

First, as to the position of the American Orthopaedic Association 
toward the present-day trend in government, which is definitely in the 
direction of dispensing medical relief over a broader base and enlarging 
the field of the Public-Health Service. Unquestionably, the American 
Orthopaedic Association, as a responsible body, should keep in close 
touch with all agencies, state and national, which are attempting to better 
the care of the physically handicapped. The membership of this Associa- 
tion is made up largely of individuals whose years of service have provided 
them with a wide experience and have developed in them a mature judg- 
ment which admirably fits them to give practical and constructive advice 
as to the most effective method of dealing with social security and medical 
relief as related to the physically handicapped. This reservoir of informa- 
tion should at all times be available to those national and state organiza- 
tions interested in what has been termed ‘ Beneficial Reforms’’, if they 
desire to avail themselves of it. Such guidance might perhaps help them 
avoid the pitfalls ever to be found in the pathway of progress, unless the 
road is well engineered and well marked. I know of no organization 
better fitted to engineer and mark this pathway than the American 
Orthopaedic Association. But the Association should do more than this. 
It should keep an alert eye upon all national proposals concerned with 
medical practice, for the implication cannot be avoided that whatever 
changes are brought about in medical practice in general will be reflected 
in the special branch of medical practice in which we are so deeply 
interested. A new social order is developing in our country. Medical 
practice has been swept into this movement and seems destined to undergo 
what may be fundamental changes. In view of this situation, it behooves 
all responsible medical groups to subject to close scrutiny all proposals 
for the reorganization of medical care on a national basis. We must 
not be guilty of taking an intransigent attitude, but this does not neces- 
sarily imply blind acceptance of every innovation proposed. Many 
alleged ‘‘ Beneficial Reforms” put into effect under emotional stress or 
from political motives have resulted in lessening rather than in increasing 
social benefits and in chaos, where order and efficiency formerly prevailed. 
Let us be cooperative to the fullest extent with all governmental agencies, 
but at the same time let us insist that the quality of medical care must not 
be sacrificed for the sake of wider distribution of medical service. This, 
in its final analysis, means resistance with all the force we can muster 
to attempts to remove medical practice from professional control and to 
place it under bureaucratic control. This Association has a special com- 
mittee appointed to study the relationship of the American Orthopaedic 
Association to the various governmental agencies interested in the care of 
the physically handicapped. I should recommend that this committee 
be continued and that its activities be enlarged to include keeping in close 
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touch with all national proposals directed toward bringing about changes 
in the form of medical practice in general. 

Recently there has been considerable discussion of the future relation- 
ship which is to prevail between the American Orthopaedic Association, 
the parent organization, and the younger organizations now in the field. 
The trend of the general discussion on this subject indicates that the rdle 
of the American Orthopaedic Association should be a dual one: that of 
correlating the activities of these other organizations and, in addition, of 
continuing to produce new ideas for the advancement of our specialty. 
After all, these are not new activities. These have been the activities 
of the American Orthopaedic Association for the past fifty-three years. 
Certainly, if this Association is to live and to continue to exert the influence 
it is entitled to wield on the basis of past accomplishments, its membership 
must be a progressive, active, and productive one—anything else would 
mean stagnation and death. That the American Orthopaedic Association 
has from its inception been the clearinghouse for and the court of final 
appeal on the value of orthopaedic procedures, I am sure, will not be 
denied. It has maintained this position because it has been conservative 
in thought and slow to put its seal of approval on any procedure until it 
has been tested by time and proved by end results. Its rdle in this respect 
today is changed only in that it must modernize its machinery for doing 
the job. It is obvious that with the mass of material produced today, 
when orthopaedic surgeons are numbered by the hundreds, a different 
machinery for analysis and evaluation is necessary than was required when 
less than a hundred men composed the productive group. This new 
machinery has been provided by the formation of a Research Committee. 
This Committee is charged with the responsibility of selecting, by a poll 
of the orthopaedic surgeons of the country, important topics to be in- 
vestigated, of selecting men to carry out such investigations, and of 
making each year a report on one of the topics being investigated. This 
Committee, availing itself of the nation-wide facilities which we hope will 
be placed at its disposal, should be able to bring up to date all known 
information on the subjects selected for study; and its report, after accept- 
ance by the Association, should represent an authoritative expression of 
your opinion on that subject at that time. Such reports should be ex- 
ceedingly valuable to all of us. It is very fitting that the first report of 
this Committee should have been one covering all of the orthopaedic 
problems at present under investigation. May I earnestly urge upon all 
of you the importance of cooperation with this Committee to the end that 
it may function effectively and that its reports shall reflect the widest 
possible distribution of opinion on any subject chosen for investigation. 
The scope of this Committee might well be enlarged along the lines sug- 
gested by its Chairman in his report. [See report in this /Journal.| 

The Journal of Bone and Joint Surgery is the property of the American 
Orthopaedic Association. It is the only journal in the English language 
which is devoted exclusively to the publication of orthopaedic papers. 
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The Journal has been placed in a situation where it is receiving an increas- 
ing mass of material for publication, and it has responded to this demand 
in part by increasing its size. It has been suggested that the next logical 
step would be to issue The Journal monthly instead of quarterly. This 
would, however, add greatly to the cost of publication, and, before such a 
step could be taken, the Association must approve such action and provide 
for the additional cost. Also, it is quite doubtful whether sufficient mate- 
rial worthy of publication is being produced to warrant more frequent 
issues. The specialty of orthopaedic surgery may well be proud of the 
standards being maintained in its official journal; it would lose greatly in 
dignity if this standard were lowered by the publication of inferior 
material. It has also been suggested that the situation could result in the 
founding of a second journal devoted to orthopaedic surgery. This 
would, I believe, be an unfortunate move for two reasons: first, a desirable 
critical selection of the papers to be published is less possible in a journal 
with a looser and perhaps less discriminating editorial policy than in a 
journal controlled by a responsible organization through its editorial 
board; and, second, it is doubtful if there is a sufficient amount of suit- 
able material to fill another journal, especially since many papers on 
orthopaedic subjects are being published in journals of a more general 
character. 

There is a responsibility which rests upon the members of the Ameri- 
can Orthopaedic Association that I doubt has been appreciated in its true 
importance.’ I refer to the obligation which rests upon each of us to 
provide satisfactory training to the extent of his ability for those who wish 
to enter the field of orthopaedic surgery. The American Board of Ortho- 
paedic Surgery has set up certain standards which must be met by those 
who seek certification. If standards designed to maintain orthopaedic 
practice on a high level are to be set up, then it is obligatory upon the 
orthopaedic surgeons of this country to provide opportunity to acquire the 
training necessary to meet such standards. Members of the American 
Orthopaedic Association occupy the key positions of educational oppor- 
tunity, and it is only when these opportunities are made available that the 
aspirant for orthopaedic certification can receive adequate training. It 
should be the aim of every member of this Association to so order his clini- 
cal set-up that it may become a part of a broad educational scheme, which 
will provide a well-integrated course of training for those who desire to take 
the Board examinations and eventually to enter the orthopaedic field. 
This does not imply merely providing sufficient credits to be accepted by 
the American Medical Association or the American College of Surgeons as 
a training ground. To do this means only that here and there we shall 
have established isolated opportunities for training which will be accepta- 
ble as credit for one, two, or three years, as the case may be. There must 
be, in addition, a willingness to coordinate these one-year and two-year 
training opportunities with others, so that an acceptable three-year period 
of training may be available for every applicant for Board certification 
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who is deserving of such training. It is possible that you may be called 
upon in the near future to cooperate with the American Board to this end. 

It has been a time-honored custom to hold the Annual Meeting of the 
American Orthopaedic Association in the home city of its President. 
This has not always been geographically the most satisfactory place to 
hold the meeting, and at times the attendance has suffered in consequence. 
It has also been said that the time of the meeting, usually in May or June, 
conflicts with other meetings, such as those of the American Medical 
Association and the American Surgical Association, and brings it too close 
to the Academy meeting in January. To overcome these objections, it 
has been suggested that the Association change its policy of convening in 
the home city of the President and, instead, select a suitable and attractive 
resort and hold the meeting there at some time in the year, probably in the 
fall, when fewer meetings are being held. This arrangement would solve 
the geographical problem, avoid conflict with other conferences, make for 
a full attendance, and ensure an interesting and enjoyable meeting. 
Other societies comparable with our Association have done this sue- 
cessfully. This change in the time and place of meeting is one to which 
the Association might well give serious consideration. 

I have stated that this Address was to be a report on the state of the 
Association, but it is impossible that it should be entirely so. One could 
not be closely associated for twenty years with the group of men who make 
up the American Orthopaedic Association without realizing that this 
Association is not merely an annual gathering together of individuals to 
It is far more than this. It is and 


read papers and to transact business. 
Carl Schurz has 


always has been a living force with an ideal as its soul. 
said: ‘‘Ideals are like the stars—we never reach them, but like the 
mariners on the sea, we chart our course by them.”’ The ideal which has 
animated the American Orthopaedic Association is an imponderable force, 
which has greatly influenced the direction in which orthopaedic surgery 
has developed in this country for the past half century, and so is important. 
I shall, therefore, ask you to bear with me for a few moments while I 
attempt to put in words my conception of what this ideal is. This I have 
tried to do many times, but in vain, until I chanced to read Lin Yutang’s 
philosophical discussion on ‘‘The Chinese Family Ideal’’. There I found 
expressed what I wished to say. 

In a general way, Lin Yutang said: ‘‘The Chinese family ideal is 
backed by a view of life which I may call The Stream of Life Theory, 
which makes immortality almost visible and touchable. In place of the 
individualism and nationalism of the West, there is a family ideal in 
which man is not regarded as an individual but as a member of a family 
and an essential part of the great stream of family life. Every grand- 
father, seeing his grandchild going to school, feels that truly he is living 
over again in the life of the child. His life is nothing but a section of the 
great family stream of life, flowing on forever. He is important only so 
far as he contributes to the family honor and glory. 
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It occurs to me that in the American Orthopaedic Association we 
have somewhat of a counterpart of this stream-of-life ideal. The founders 
of this Association started a stream of life in orthopaedic surgery which 
has flowed on through fifty-three years and will flow on, we hope, for 
generations to come. These founders, as they grew older and saw new 
and younger members being added to the rolls, must have truly lived again 
in the achievements of these younger generations. They must have been 
filled with a sense of pride and satisfaction in seeing this new professional 
family which they had established growing in numbers and strength, as 
ach new addition, through his contributions, added to its influence and 
importance. As the years have passed, I am sure that this stream-of-life 
ideal has continued to flow on in the American Orthopaedic Association, 
as each new generation has taken the place of an older one, which was 
happy indeed to hand over to vigorous youth, at the proper time, the 
responsibilities which it in its time had borne and to retire to the réle of 
counselor and adviser. 

With such a conception, it seems to me that one gets a lengthened 
outlook on the history of this organization and the manner in which it 
has been able to influence the development of the specialty of orthopaedic 
surgery through the five decades of its existence. Such a conception 
also enables us to envision what the influence of this Association may be 
on generations to come, for it gives it some of the qualities of immortality. 
The American Orthopaedic Association has had an honorable past and 
has faithfully discharged its obligations of directing the growth of a new 
specialty along the pathway of sincerity and service. As its stream of 
life flows on, it will, 1 am sure, continue to exert this same influence in the 
future, if each member will look upon himself not as an individual but as 
a branch of the orthopaedic family tree, growing upon its trunk and con- 
tributing by his very existence to its further growth and continuation. 

Changing times bring changing problems, and we of the older genera- 
tions view with some concern the problems for which you of the younger 
generations may be called upon to find the solutions. Changing times, 
however, do not change fundamental truths and fundamental standards. 
The honorable and unselfish precepts laid down by the founders of this 
Association for its guidance are just as sound and true today and will be 
tomorrow as they were yesterday. These precepts must be upheld and 
defended against all attempts at invasion, if this organization is to con- 
tinue in the purpose in which it was conceived,—namely, that of maintain- 
ing the specialty of orthopaedic surgery on a plane of truth, progress, and 
service. These standards are not, I believe, so inflexible that the demands 
of changing conditions cannot be met within their framework, but, if ad- 
justments and compromises are to be made without sacrificing principles, 
this Association must be strong and invulnerable. This, in turn, means 
that, as ics stream of life flows on, it must live, as Lin Yutang puts it, ‘‘so 
as not to be a shame to its ancestors and to have sons of whom it need not 
be ashamed”’. 
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FRACTURES OF THE NECK OF THE FEMUR IN CHILDHOOD * 
BY JOHN C. WILSON, M.D., LOS ANGELES, CALIFORNIA 


A review of the English literature on the subject of fractures of the 
neck of the femur in childhood leaves one with the impression that they 
respond to the regular forms of treatment as do those in adults. No 
great number of cases is tabulated, but in each instance the discussion 
concerns chiefly the various methods of treatment, with the conclusion 
that good functional recovery is the rule. A study of the author’s series 
of cases gives rise to a somewhat different view. 

Johansson, in 1927, published his observations on two patients, under 
twenty years of age, in whom aseptic necrosis of the femoral epiphysis 
followed fracture of the cervical neck. Zur Verth, in 1935, after gathering 
seven published cases and adding four of his own, stated that aseptic 
necrosis of the femoral head follows fracture of the cervical neck in chil- 
dren in the proportion of four to ten. Nielsen, in 1938, reported three 


- cases of Legg-Calvé-Perthes disease following fracture of the neck of the 


femur. The changes are explained by a vasomotor disturbance of the 
vessels supplying the femoral head. 

The incidence of this fracture is not great. There were two fractures 
of the neck of the femur in children among 600 fractures of the upper end 
of the femur treated at the Los Angeles General Hospital in the past 
ten years. Since August 1930, the author has seen ten such fractures in 
children, and the following study of the end results in these cases is pre- 
sented to point out the dangers which follow this injury and to suggest 
methods of treatment. 


Sex 
As would be expected, seven of the patients were males and three 


were females. 


Age 
Four were in the first decade of life and six were in the second. 


Etiology 

In 1935 a motion picture appeared which glorified the athletic youth 
by portraying a young man springing from one branch of a tree to another 
with the greatest of ease. Stimulated by this glamorous hero, two young 
men, who were less dextrous in the tree tops, sustained a fracture of the 
neck of the left femur. Seven suffered other forms of severe trauma, 
-aused by falling forty feet from a cliff, falling from a horse, and being in 
an automobile accident. In only one case was the trauma slight. In 

* Read at the Annual Meeting of the American Academy of Orthopaedic Surgeons, 
Boston, Massachusetts, on January 25, 1940 
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Fig. 1-A 


Case 3. January 24, 1932. Fracture of the neck of the left femur in a boy, 
eleven years of age, who fell fifty feet from a cliff. The fracture was reduced and 
the hip placed in a Whitman cast. The position could not be maintained without 
transfixion of the femoral shaft. 


Fia. 1-B Fie. 1-C 


Case 3. April 12, 1932, three Case 3. September 8, 1932, eight 
months after injury. There is no months after injury. The fracture of 
evidence of repair, and the head is the neck is healing. The circulation of 
dense. the head is markedly disturbed. 
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Fia. 1-D 
Case 3. September 15, 1935, three vears and eight months after injury. The 
fracture is healed; the head is small, showing evidence of necrosis and revascu- 
larization. 


Fic. 1-E Fig. 1-F 


Case 3. Lateral and anteroposterior views of left femur on November 29, 1939, 
nearly eight years after injury, reveal a distorted head and neck. The leg is 2 
centimeters short, and all movements of the hip are restricted. 
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Fig. 2-C 
Case 4. September 17, 1935, eighteen months after injury. Changes in the 
head and neck are taking place. 


Fig. 2-D 


Case 4. February 19, 1936, twenty-three months after injury. The growth 
disturbance is more evident. 
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Fig. 2-E 
_ Case 4. August 7, 1936, five months later than Fig. 2-D. The irregularity 
in the head and neck is more pronounced. 


Fig, 2-F 
Case 4. April 5, 1937, eight months later than Fig. 2-E. 
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Case 5. January 13, 1940, four and one-half years after injury. The fracture is 
well healed. The head shows evidence of disturbed circulation, and the neck is 
somewhat shorter and wider than that of the opposite femur. 

At the present time this boy has no shortening or limp. The left thigh is 4 
centimeters less in circumference than the right. Internal rotation of the thigh 
flexed to a right angle is slightly limited. This is a good functional result. 


| 


Fia. 4-A Fia. 4-B 
Fig. 4-A: Case 8. December 13, 1937. Fracture of the neck of the left femur in 


a boy, fifteen years of age. 
Fig. 4-B: Case 8. February 10, 1938. After four weeks of traction, the head 


was fixed with a Smith-Petersen nail. The head of the femur is now beginning to 
show evidence of a circulatory disturbance. 
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this case the femoral neck in a paralyzed extremity was fractured by a fall 
while the patient was walking across the floor. 


Pathology 

Six of the fractures occurred in the left femur and four in the right. 
In no instance was the fracture located near the head. They all occurred 
centrally or near the base of the neck. 


Treatment 

Eight of the patients were treated by the so-called Whitman cast. 
In seven instances satisfactory reduction was not maintained. The 
slipping of the fragments was discovered in one case early enough to 
allow correction and transfixion of the shaft of the femur by a pin, which 
was incorporated in the cast. 

In one patient the femur was nailed, and, through no fault of the 
procedure, the case terminated unfortunately. An oblique subtrochan- 
teric osteotomy was done in one case in which the hip dislocated, because 
of muscle weakness following infantile paralysis. It was hoped that the 
osteotomy would stabilize the hip and facilitate healing of the fracture, 
both of which were accomplished. 


Mortality 


One patient died as a result of treatment. The child entered the 
Hospital ten months following the injury, with a non-union of the fracture 
after treatment by the cast method. An intramedullary bone-grafting 
operation was done, and the patient died from shock the same day. 


Results 

One of the nine remaining patients was injured only two months 
previous to this report, so that the outcome cannot be anticipated. Of the 
remaining eight patients, two have good functional results. 


COMMENT 


Many interesting points arise in the survey of these patients. The 
circulation of the femoral head has not been worked out as yet to the 
satisfaction of all investigators. Cella, after a series of experiments on 
animals, came to the conclusion that, while the vessels of the ligamentum 
teres play a part in the development of the femoral head, they are not 
essential, and their interruption does not alter its conformation. Nielsen, 
on the other hand, thinks that disturbance of the nerve supply to the 
vessels is the prime factor. Irrespective of cause, gross disturbance of 
joint mechanics usually follows. Such joints must show premature evi- 
dence of wear and tear, which is commonly called degenerative arthritis. 


CONCLUSIONS 


A study of this series of patients forces us to conclude that fractures 
of the neck of the femur in childhood are serious injuries. Maintenance of 
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reduction in the Whitman cast is difficult. Perhaps a nail would be more 
effective, but, again, will it damage the epiphyseal plate? One should be 
alert to the fact that growth changes are to be expected. The disturb- 
ances in growth in this series of patients do not conform to the classic 
picture of Legg-Calvé-Perthes disease. Oblique subtrochanteric oste- 
otomy is helpful in bringing a limited are of motion into useful planes. 
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CONGENITAL FLAT-FOOT 


A NEw SwurGicat APPROACH * 


BY J. WARREN WHITE, M.D., GREENVILLE, SOUTH CAROLINA 


From the Shriners’ Hospital for Crippled Children, Greenville 


The purpose of this paper is to call attention to a surgical technique 
in the treatment of congenital flat-foot, too severe for conservative 
therapy, which depends on a principle different from those being gen- 
erally advocated at the present time. By congenital flat-foot the 

author means the severely pronated and abducted long, narrow foot, 
lacking to a large extent the plantar concavity of a normal arch. The 
deformity is invariably bilateral, but is frequently much worse on one 
side. Symptoms ordinarily develop during the early adolescent period 
of rapid growth, when skeletal growth exceeds muscle development and 


| where there usually has already existed some muscle atony. , 
Beginning years ago in doing Hoke flat-foot stabilizations * in polio- 
i myelitis cases, the author gradually replaced less and less of the excised 
astragalar head and finally noted that his results were better in those 


cases where nothing was replaced, and the inner border of the foot was 
shortened accordingly. This principle has been employed for some time 
by shoemakers in designing corrective shoes, as seen in the ‘‘swung-in”’ 
or “‘swung-out”’ lasts. In the writer’s experience, these shoe modifica- 
tions have been most useful in what might be termed the convalescent 
treatment of club-foot and the conservative treatment of the milder forms 
of flat-foot. 

Dwight, over thirty years ago, in his classic book on “ Variations of 
the Bones of the Hands and Feet’’, in discussing the shape of the as- 
tragalus stated: ‘‘It may be long and narrow or short and broad; the 
neck may diverge much or little from the axis of the body, the shape 
and inclination of the head are very uncertain. It can hardly be doubted 
that these variations must have an important influence on the shape of 
the foot and on its movements. But the genius who should work this 
out has not yet appeared.”’ The author makes no claim to being a genius, 
but it has long been apparent to him that in a case such as that shown in 
Figure 1-A, regardless of any muscle impairment or imbalance, it would 
be difficult to swing the navicular, with the part of the foot distal to it, 
around into its normal relation to the body of the astragalus without 
very materially shortening its neck or without generously removing the 
astragalonavicular joint as an alternative. 

Just as the writer feels that the excessive length of the astragalar 
neck explains a certain type of flat-foot, so does he think it possible that 


* Read at the Annual Meeting of the American Academy of Orthopaedic Surgeons 
| Boston, Massachusetts, on January 24, 1940. 
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the underdevelopment of the inner border of the foot can explain club- 
foot. In several instances he has felt certain that complete correction or 
overcorrection, as it is inaccurately called, has been accomplished, and 
yet, in a few years, the varus deformity has recurred in spite of roent- 
genographic proof of the correction of the varus position of the navicular. 
It is admitted that tendencies toward shallow acetabula, club feet, 
supernumerary digits, and other deformities are inherited. Why is it 
not probable that long astragalar necks are acquired in the same way? 

Most of the operations devised for the correction of these relaxed 
flat feet depend for their success on the production of an arthrodesis to 
establish a bone arch.®: 7 If the arthrodesis fails, the correction is not 
maintained; even if it does not fail, the shape of the arch in the course of 
years will succumb to the forces that change the shape of all bones ac- 
cording to the stresses and strains applied to them. By the deliberate 
shortening of the inner border of the foot and the lengthening of the 
outer border, the author has proved to his own satisfaction that the cor- 
rection is much more positive and lasting than is that effected by the 
simple arthrodeses, regardless of the number of joints included. The 
‘“‘buckling’’—for such it really is—of the inside of the foot results in a 
correction, at least in the writer’s hands, that is much surer and more 
permanent than is secured by the other procedures. 

There is no denying that the various arthrodesing operations, com- 
bined usually with some sort of transarticular bone-grafting, accomplish 
a certain amount of shortening, but that valuable part of the procedure is 
not stressed. Miller, in describing his technique, does make mention of 
the fact that: ‘‘In cases of long standing the head and neck of the astrag- 
alus have grown appreciably longer and the point of the scaphoid is 
hypertrophied on its inner aspect. In such a case (though such cases are 
not so frequently seen) one can shorten the neck of the astragalus by 
taking out a section with the osteotome.’’ Aside from this quotation, 
the author has been unable to find, in a survey of the leading articles on 
the surgical correction of flat-foot, any publication that calls particular 
attention to the discrepancy in the length of the inner and outer borders. 

To be sure, there are many cases of generalized muscle atony that 
result in severe pronation, but the writer is certain that there frequently 
exists this fundamental anatomical defect in the shape of the bones that 
can be responsible for foot imbalance and which, when corrected, allows 
the tibial group of muscles to function in a more normal way. 

Attention may be called to the fact that shortening the inner border 
of the foot very well corrects the valgus of the forefoot, but it does not 
take care of the calcaneal valgus. The explanation of this lies in the fact 
that, in addition to the mechanical disadvantage which is imposed on the 
tibial muscle group by this long inner border, regardless of their actual 
tone or strength, the elongation pushes the forefoot into a valgus position 
and must necessarily react on the cuboid and thence on the caleaneum 
to cause a valgus there. 
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The operation advocated in this paper has been evolved gradually 
and consists in the removal of a wedge of bone from the astragalar neck. 
Because of the length of the neck, this is relatively easily done and can 
usually be accomplished without encroaching upon the anterior sub- 
astragalar articular surface. 

Through a two-inch longitudinal medial incision, centered over the 
astragalar neck, a transverse osteotomy is done completely across that 
bone where the body and neck join, — that is, just anterior to the superior 
articular surface of the astragalus above and the anterior articulating 
surface of the subastragalar joint below. It is suggested that an articu- 
lated skeleton of a foot be examined before the operation is attempted, so 
that the relationships may be fully appreciated. It will be seen immedi- 
ately how well the architecture of the astragalus and the caleaneum lends 
itself to this remodeling procedure and how accurately the wedge removed 
from the medial aspect of the astragalus fits the opening made by the 
osteotomy on the lateral surface of the caleaneum. The tendon of the 
tibialis posterior is usually encountered and can be easily retracted 
downward. 

Another transverse osteotomy is then done, usually three-eighths to 
one-half an inch anterior and parallel on the surface to the first, but 
directed posteriorly, so as to intersect the first osteotomy about in the 
middle of the foot from one-quarter to one-half an inch lateral to the 
medial extremity of the first osteotomy. This sounds rather complicated, 
but the reason for it can be seen in the accompanying diagram (Fig. 2). 
The purpose of the operation is to shorten the inner and to lengthen the 
outer border of the foot. To ensure proper closure of the wedge-shaped 
opening made by the removal of the cuneiform fragment produced by the 
two osteotomies, the forefoot and anterior tarsus are swung medially in 
a varus position, the center of motion being a vertical axis coinciding 
with the intersection of the two osteotomies. 

Care must be taken to clean the angle clear to its depth, so that 
complete closure may occur after the caleaneum is transversely osteo- 
tomized about a quarter of an inch posterior to the caleaneocuboid joint 
and just about in the same plane but lateral to and below the site of the 
first astragalar osteotomy on the medial side of the foot. This osteotomy 
passes through the bone on the medial aspect just anterior to the point 
where the sustentaculum tali projects medially beneath the astragalus. 
This transverse calcaneal osteotomy allows an open wedge to appear 
when the astragalar wedge is closed at the time the forefoot is swung in. 
This opening is then filled accurately with the bone wedge removed from 
the astragalus, trimming only being necessary laterally to make it flush 
with the surface of the caleaneum. 

If more correction is desired because of the inaccessibility of the 
astragalar neck, the overhanging navicular tuberosity may be chiseled 
off, and a wedge, ranging up to twice the width at the base, may be ex- 
cised. If this happens to include the proximal insertion of the tendon 
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Tracing of roentgenogram of a severely pronated foot suitable for surgical 
correction. Dotted outline shows position of ‘forefoot’ after closure of wedge 
removed from astragalar neck, which is inserted into the opening made by the 
caleaneal osteotomy. The transverse osteotomy must be carried all the way 
across the astragalar neck, and the anterior one to complete the wedge must be 
directed toward the ‘‘center”’ of the foot at this point (‘‘center of rotation”’ in 
the tracing). 


of the tibialis posterior, it makes no difference, as this tendon attaches 
itself again to the exposed cancellous bone. Usually, however, this in- 
sertion is well underneath and is not disturbed. 

Both wounds are closed in layers, and a plaster-of-Paris cast is applied 
from just below the knee to the ends of the toes with the forefoot in as 
much varus as can be easily obtained and in slight equinus. 

If there is any possibility that the heel cord may be short, it should 
be lengthened as a preliminary step. The author has found it necessary 
to do this in about half the cases. 

The plaster is allowed to remain on two months, and some type of 
‘“‘swung-in”’ shoe, with a one-eighth-inch extra wedge on the inside edge 
of the heel, is worn for the first six months. Exercises directed toward 
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mobilizing the foot and strengthening the tibial group of muscles are 
started immediately after the removal of the cast. 

If this procedure is followed out the important shock-absorbing 
mediotarsal joint is preserved, which results in a more normal foot. 
More normal growth will occur as the osteogenic cells immediately be- 
hind the articular cartilage are left undisturbed in both bones. Inciden- 
tally, the author feels sure that the distressing varus which occasionally 
develops in feet stabilized according to the Hoke technique results from 
the cessation of growth at the site of the astragalonavicular arthrodesis in 
those cases where care has not been taken to arthrodese the calcaneo- 
cuboid joint, which would arrest growth there as well. 

In the sixth edition of Whitman’s “Orthopedic Surgery’’, Perthes’ 
operation for this condition is described, in which a section of bone is 
removed from the navicular and the anterior portion of the caleaneum is 
lengthened. The author has tried this a few times, but he always feels 
that he cannot get enough correction without removing practically the 
entire bone. The illustration given in Whitman’s textbook is most mis- 
leading, as it shows in the lateral diagram an astragalus without a head; 
the navicular really occupies the place of the head and neck of the astrag- 
alus. Therefore, as it is erroneously pictured, Perthes’ operation prac- 
tically amounts to the technique which the writer is advocating. The 
author feels also that the fault is not in the navicular but in the astragalar 
neck, and so why not make the correction there where there is adequate 
room and where the valgus really begins? In addition to the structural 
correction of the forefoot valgus the shortening of the astragalar neck 
gives to the tibialis posterior, the first insertion of which is to the under 
side of the tuberosity of the navicular, a more direct pull and adds a 
definite amount to its value as an ‘‘arch supporter”’. 

The principal error which the author has made in carrying out the 
technique being discussed is that he has not removed sufficient bone for 
adequate correction, and, if one uses only the navicular, the temptation 
to do an inadequate operation is all the greater. 

The common occurrence of enlarged navicular tuberosities, whether 
or not the prehallux or the accessory navicular is present, the author 
believes is more than a coincidence and is a strong argument in favor of 
the condition’s being primarily a bone defect rather than a muscle im- 
balance. To be sure, the muscle imbalance is present, but the writer 
feels that, in the particular type of case under discussion, if the bone 
deformity is corrected proximal to the insertion of the tibialis posterior, 
as has been stated, the muscle balance can be more easily restored by 
training. In these cases the author has frequently, but not invariably, 
excised the overhanging portion of the navicular, including the accessory 
bone, if present. Various authors, particularly Kidner, have called 
attention to the value of simply removing the surplus navicular material 
on the medial aspect in the correction of a pronated foot, where the fore- 
foot is held in valgus because of its infringing on the medial malleolus. 


THE JOURNAL OF BONE AND JOINT SURGERY 


q 
; 
4 
| 
: 
| 
P 
| 


CONGENITAL FLAT-FOOT 553 


Only eighteen of these flat-foot operations have been done accord- 
ing to the technique described, but many more with a somewhat similar 
technique have been performed where the astragalonavicular joint has 
been sacrificed. In all but four of these, it is significant to note that 
the pronounced overhanging of the tuberosity of the navicular has been 
present, associated in nine instances with a supplementary or ‘“‘accessory”’ 
navicular. Dwight gives the frequency of this supernumerary bone as 
10 per cent.; Pfitzner, as 11 to 12 per cent.; and Geist, in his investigation 
of 100 normal individuals, as 14 per cent. 

The first patient in this series was operated upon four years ago, and 
all but six have been operated upon over a year; the last four had bilateral 
deformity and have only recently been operated upon. In seven patients 
the operation was done bilaterally, although considerable pronation was 
noted in the unoperated feet of the other four patients. 

Objectively, a satisfactory amount of correction was noted with one 
exception, in which case a severe amount of deformity was recorded at the 
start. Both operations in the bilateral cases were done at the same “‘sit- 
ting”’ in all but one instance, when an insufficient amount of deformity 
was considered to be present on one side. In this case the second op- 
eration was done subsequently at the patient’s request. 

No unsatisfactory results were reported, with the one exception 
noted, and the chief complaint was the persistence of discomfort of a 
varying extent, referable to the medial half of the mediotarsal joint, and 
gradually becoming less. 

The condition under discussion should, the author feels, be cared for 
conservatively and the suggested operation should not be done before the 
early ‘‘teens’’, as the deformity frequently is not well established prior 
to that age. This fact strongly indicates that the deformity is the result 
of a growth disturbance of some kind,—possibly the reverse mechanism 
of that causing club-foot. Also, asin routine foot stabilizations, the oper- 
ation can be done much more satisfactorily if there is present a minimum 
amount of pre-osseous cartilage. 

The advantages of this operation may be briefly summarized as 
follows: 

1. The correction of the valgus deformity is accomplished without 
disturbing to any serious extent any articulation. 

2. Subsequent growth is impaired to a minimum extent, as the 
osteotomies are well away from the growing articular surfaces. 

3. The simplicity of the procedure, after it has been thoroughly un- 
derstood, permits its being easily performed even by the less-experienced 
surgeon. 

4. The relatively painless and uncomplicated convalescence favor- 
ably impresses the patient. 

In conclusion, the author wishes to state that he is emphasizing in 
this paper the mechanical advantage of ‘‘ warping up”’ or “buckling”’ the 
inner and under border of the foot by a safe, natural surgical approach 
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in the more radical treatment of those cases of what is commonly known 
as congenital flat-foot. 
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ARTHRODESIS OF THE FIRST METATARSOPHALANGEAL 
JOINT 


BY FREDERICK R. THOMPSON, M.D., SC.D. (MED.), NEW YORK, N. Y., AND 
ROBERT T. McELVENNY, M.D., OAK PARK, ILLINOIS 


From the Annie C. Kane Fellowships of the New York Orthopaedic Dispensary and Hospital 


It is necessary at times to consider arthrodesis of the first metatarso- 
phalangeal joint. When this is contemplated, two main problems arise: 

1. What is the optimum position for fusion? 

2. How ean this position best be obtained? 


OPTIMUM POSITION 


When one seeks the optimum position for fusion of the great toe, it 
is important to know whether or not the toe should be placed at an angle 
which will aid in the ‘‘take-off”’ at the end of the walking phase. 

It is felt by some surgeons that the great toe plays a definite réle in 
the formation of a smooth gait, especially during the take-off at the end 
of the walking phase. They feel that the removal of this toe leads to a 
certain hesitancy in motion. On the other hand, it has been the 
experience of this Clinic that the gait is essentially normal after amputa- 
tion of the great toe, that it is synchronous, and that the loss of the toe 
does not trouble the patient. It has also been the experience in this 
Hospital that in many cases of claw-foot and severe hallux valgus, in 
which the great toe never touches the floor, the gait is not affected ma- 
terially by the loss of the propulsive action which this toe gives to the foot. 

It is believed, therefore, that, when arthrodesis of the first metatarso- 
phalangeal joint is performed, a position of the great toe should be chosen 
which does not subject it to much strain at the end of the take-off during 
the normal walking phase. Were the toe to be fused in such a position 
that it received a full-weight thrust, it is conceivable that enough strain 
would be placed on the distal phalanx through the interphalangeal joint 
to produce a traumatic osteo-arthritis. Actually, in our series of 
fourteen cases, one patient had definite pain at this joint, due to this 
cause. Another patient showed a hypermobility of the distal joint with 
30 degrees of extension beyond normal limits. 

A satisfactory position for the arthrodesis of the first metatarsopha- 
langeal joint was found in two patients in whom a spontaneous fusion of 
unknown cause had developed. The position of one of these toes, which 
was believed to be the result of a congenital fusion, was at 25 degrees of 
dorsal extension on the metatarsal shaft. The angle which it formed 
with the ground is not known, since a roentgenogram with the patient 
standing was not taken. No lateral roentgenogram is available of the 
other spontaneous fusion, so that it is not known at what position it was 
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Fig. 1-A 
Postoperative view of foot with shoe on. Note position of great toe. 


1-B 


Tracing of Fig. 1-A. Note that the measurement line of the great toe is taken not 
as the longitudinal axis of the proximal phalanx but as the plane of its plantar surface. 
This toe is fused in a position of 70 degrees on the metatarsal shaft. 


fused in relation to the metatarsal shaft. It must be remembered, how- 
ever, that spontaneous fusion of this joint, as is also true of the hip 
joint, does not necessarily imply optimum position. The position in 
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these patients is considered satisfactory because they have no symptoms 
referable to the great toes. 


METHOD OF OBTAINING OPTIMUM POSITION 


If the tenet is accepted that the fused great toe should be placed in 
a position which will not produce undue strain during the walking phase, 
then the optimum position will vary in men and in women. This is due 
to the difference in the height of the heel of the shoes in the two sexes. 
A man’s shoe has a heel varying in height from one to one and one- 
quarter inches. A reasonably fashionable woman’s shoe has a heel 
height which varies from two to two and one-half inches. This variation 
in the heel height causes the first metatarsal shaft to form different angles 
with the planes of the ground. In a man the angle that the first meta- 
tarsal shaft forms with the ground may be 15 degrees, while in a woman it 
may measure 35 degrees. 


— 


Fig. 2 


Same case as in Fig. 1-A. Postoperative view of foot with the patient 
standing and without the shoe. Note position of great toe. 


From a roentgenographic study of feet in shoes, we have estimated 
that the great toe should be fused in a position of at least 15 degrees of 
dorsal extension from the plane of the ground in order to prevent undue 
strain on the distal joint at the end of the walking phase. In the case of 
a man, if the preoperative lateral roentgenogram, taken with the patient 
standing and with shoes on, shows that the first-metatarsal shaft forms an 
angle of 15 degrees with the ground, then the optimum position for arthrod- 
esis for that particular individual is 30 degrees (15 degrees plus 15 degrees) 
on the first-metatarsal shaft. Similarly, in the case of a woman, if the 
preoperative lateral roentgenogram, taken with the patient standing and 
with shoes on, shows that the metatarsal shaft forms an angle of 35 
degrees with the ground, then the optimum position for fusion is 50 
degrees (35 degrees plus 15 degrees) on the first-metatarsal shaft. 
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This position will be comfortable when the patient wears the usual 
type of shoe. There is no rubbing of the tip of the toe against the box 
of the shoe. No patient in our series had symptoms caused by too much 
extension of the toe on the metatarsal shaft, while one patient did have 
pain from not enough extension. 

Figures 1-A and 2 show the method of obtaining roentgenograms with 
the patient standing with and without the shoe. Figure 1-B illustrates 
the method of measurement of the angle formed with the ground. This 
particular patient was a woman whose toe was fused at an angle of 70 
degrees. There were no symptoms following the fusion. 

We advocate this simple method of computation of the optimum 
angle, because arthrodesis of this joint usually occurs in the same position 
at which the toe is placed at operation. 


INDICATIONS FOR ARTHRODESIS 


In this Hospital arthrodesis of the first metatarsophalangeal joint 
has been performed for the following conditions: 


1. Tuberculosis. 
2. Poliomyelitis, in which a marked hallux flexus with aeccompany- 


ing first-metatarsal ‘“‘cock-up”’ has been present. 
3. Hallux valgus, if the great toe has been dislocated, or if pain has 
been marked following transverse resection of the first-metatarsal head. 


4. Hallux rigidus. 
TECHNIQUE 


A tourniquet is used to provide a bloodless field, and the first meta- 
tarsophalangeal joint is exposed by a dorsal longitudinal incision. The 
articular cartilage is removed; the raw bone surfaces are fish-scaled; and 
care is taken to obtain good bone contact of the fragments at the estimated 
optimum position. A bone key, reinforced with bone chips, is inlaid 
across the joint. In cases of tuberculosis all diseased areas are curetted, 
and the defect is packed with bone chips taken from the metatarsal shaft. 
The wound is closed, and a short plaster boot is applied. 

Lateral and anteroposterior roentgenograms are taken after opera- 
tion to check optimum position, alignment, and contact. If the position 
is not correct, the toe is wedged on the tenth day. The cast is then left 
on for eight weeks. If the fusion is considered solid, an arch support is 
supplied, and the patient is allowed to walk. 


CONCLUSIONS 

1. The propulsive action of the great toe is not essential for normal 
gait. 

2. From a study of fourteen cases in which the first metatarso- 
phalangeal joint was fused, the optimum position for arthrodesis of the 
great toe has been determined as not less than 15 degrees from the plane 
of the ground with the shoes on. 
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FRACTURES OF THE TIBIAL PLATEAU * 


BY GUY W. LEADBETTER, M.D., AND FRANK M. HAND, M.D., 
WASHINGTON, D. C. 


Conservative treatment of fractures involving the tibial plateau often 
does not yield a satisfactory result. Genu valgum, lateral instability, 
limited motion, and painful knees with chronic synovitis represent the 
types of disability in many knees so treated. 

It is the purpose of this paper to show that the extent of the injury 
‘annot always be determined by roentgenographic or clinical examina- 
tion, that often the meniscus is irreparably damaged, that more often than 
not the bone and articular cartilage are comminuted to the extent that 
extra-articular manipulation will not suffice for reduction, and that, there- 
fore, intra-articular exposure is necessary. 

It is generally conceded that these fractures are caused by an external 
force, this force being an abduction of the tibia on the femur, the result of 
a blow from the side by a forceful agent, usually an automobile; hence the 
name “‘bumper”’ or ‘‘fender’’ fracture, so well described by Cotton and 
Berg in 1929. When the knee joint is fully extended, the condyles of the 
femur are fitted snugly into the articular facets of the tibial plateau, and 
the ligaments, tendons, and fasciae surrounding it serve as a protective 
mechanism for weight-bearing and stability. It is obvious that this 
mechanism must give way before an overwhelming force. It is equally 
obvious that if the protective ligaments, muscles, and fasciae yield from a 
sudden overpowering stress, bone injury will not occur often, inasmuch as 
the resultant instability of the knee as a whole prevents the action of the 
necessary fulcrum, the lateral femoral condyle. If, on the other hand, 
ligamentous supportive structures resist the injuring force, grinding of the 
condyle of the femur into the lateral plateau of the tibia takes place, and 
either a splitting longitudinal or oblique fracture or a comminuted com- 
pressed fracture involving the tibial plateau results. It is inconceivable 
that in many such injuries the lateral meniscus should not be damaged. 

As stated by Haldeman, “In man, articular cartilage has no power of 
regeneration, and the metaplasia of connective tissue into cartilage is 
rarely seen. Such metaplasia is more apt to result from a severe injury, 
with an accompanying destruction of subchondral bone, than it is to 
occur following injuries which involve the cartilage alone’. 

The bone pathology is described by Lee in his article on “ Fractures 
of the Tuberosities of the Tibia”’, and he cites the studies of Barbilian on 
architectural structure and the disposition of bone trabeculae. In a 
sagittal section the trabeculae are separated into two systems—an anterior 
and a posterior system—-which cross each other in an arch formation. 


* Read at the Annual Meeting of the American Academy of Orthopaedic Surgeons 
Boston, Massachusetts, on January 25, 1940. 
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The trabeculae always cross each other perpendicularly. This arrange- 
ment of the arches of the trabeculae, which become more horizontal as 
they approach the articular surface, accounts for the direction of the line 
of fracture. In frontal section each condyle has a separate set, arranged 
perpendicular to the joint surface. The more remote the line of fracture 
from the articular surface, the more vertical it will be. In cases resulting 
from direct massive force there is no particular pattern of fracture; it will 
vary with the degree and duration of the force applied. These theoretical 
statements are proved to be true by practical observation of injuries sus- 
tained in the manner described. 

There is comminution of the lateral tibial plateau with depression of 
the articular cartilage. Occasionally a linear fracture with depression 
occurs. There may be tearing, crushing, and displacement of the lateral 
meniscus. Tears of the lateral ligament with fracture are unusual. Of- 
ten there is a fracture involving the head of the fibula with disturbance in 
its relationship to the tibia. Occasionally injury to the external peroneal 
nerve has been reported but it has not been observed in the authors’ series. 

On examination, sometimes there may be seen a localized ecchymosis, 
the result of the injuring force. The knee is greatly swollen and ex- 
quisitely sensitive to pressure over the anterior half of the lateral tibial 
condyle. Lateral passive motion is painful, as is rotation of the tibia 
on the femur. The knee is limited in flexion and in extension, not so 
much by pain as by the hemarthrosis. The roentgenogram may 
give a deceptive pic- 
ture of the total 
amount of damage. 
For example, it is the 
usual observation 
that the comminuted 
fracture rarely in- 
volves the entire con- 
dyle and, therefore, 
in the anteroposterior 
projections the pos- 
terior rim of the lat- 
eral condyle casts a 
shadow, which may 
obscure the degree of 
depression of the an- 
terior aspect of the 
lateral plateau. For 
the same reason, a 
lateral film will show 
a normal shadow cast 
Fia. 1 by the medial condy- 


Exposure of injured bone and meniscus. lar plateau. How- 


THE JOURNAL OF BONE AND JOINT SURGERY 


F 
aq 
: 
| 
| 
] 
| 
| 
i 
& 
i 
q 


FRACTURES OF THE TIBIAL PLATEAU 561 


ever, comminution 
beneath the articular car- 
tilage is well depicted. 
Those fractures falling | "Te 
into the vertical and ob- 
lique linear groups with a 
single large fragment are | XE 
readily determined. The | 
difficulty of estimating | 
the amount of depression, | 
and, therefore, of reaching 
theproperconclusionson | 
the degree of injury to the 
meniscus is the rationale | 
for a more radical treat- 
ment than is generally 
accepted. 

For the reasons mentioned, operation has been advised in many cases. 
To wait longer than the period necessary to determine the amount of 
serious circulatory damage is unwise. The approach is made through 
an incision over the lateral aspect of the knee, anterior to the head of the 
fibula, and of such length that the joint may be thoroughly inspected 
(Fig. 1). The comminution of the articular cartilage with dissolution of 
the spongy bone below is a constant picture. The lateral meniscus fre- 
quently reveals tearing, crushing, and displacement. The joint is thor- 
oughly washed to remove blood clots and other debris. The lateral 
meniscus is then excised in toto. The fragmented articular cartilage is 
gently teased upward by means of a periosteal elevator. This procedure 
should be done from the upper or joint-surface aspect, so that evenness of 
the plateau may be assured (Fig. 2). This step accomplished, the spongy 
bone beneath should be packed and compressed by instruments until the 
plateau is firmly molded against the lateral femoral condyle. Closure, 
with reefing of the capsule if desired, is then done in the usual manner, 
and a plaster cast is applied from the toes to the groin, with the knee in a 
position of from 10 to 15 degrees of flexion. 

Cases presenting a single major fragment with an oblique or vertical 
fracture are usually treated in a like manner, but often a transfixing screw 
is needed for better immobilization. Insertion of the screw is readily 
accomplished through the same incision. Whenever desired, a flanged 
bone clamp may be applied for the purpose of closer approximation prior 
to the insertion of the screw. 

The period of immobilization has varied, but it is the opinion of the 
writers that long fixation is unnecessary. Motion in from four to six 
weeks seems desirable after experiencing difficulty in securing flexion in 
those earlier cases in which longer periods of splinting obtained. The use 
of counterbalanced suspension slings has been most helpful in initiating 


Fic. 2 


_ Demonstrating approach from above and within the 
joint. 
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sarly painless motion. Weight-bearing on the injured knee should not be 
permitted for three months: At this time sufficient power in the quad- 
riceps muscle will have been developed to establish good stability in the knee. 

This paper is based on a study of twenty-three cases (Table I). Of 
these, fifteen, or 65 per cent., were due to direct violence from automo- 
biles, and eight, or 35 per cent., were due to some type of fall. Sixteen, 
or 70 per cent., were treated by open reduction; seven, or 30 per cent., 
were treated by closed reduction and a cast. Of the cases treated by open 
reduction, removal of a meniscus was necessary in twelve, or 75 per cent. 
In this group, the medial meniscus was removed in one case, as compared 
to excision of the lateral meniscus in eleven cases. There was no case in 
which both menisci were removed. On inspection of the articular sur- 
faces, the cruciate ligaments were intact in every case. Of the sixteen 
open reductions, some form of internal metal fixation was required in four, 
or 25 per cent. It was possible to follow and to study eighteen cases from 
five weeks to four years. In these cases the average time elapsing before 
weight-bearing was allowed was thirteen weeks. 

Of the sixteen cases treated by open reduction, good functional re- 
sults were obtained in nine, or 56 per cent.; these patients had active 
flexion beyond a right angle, complete extension, and normal stability. 
In one of these cases treatment resulted in moderate genu valgum, but 
with good function. In two cases fair functional results were obtained: 
one patient had limitation of flexion to 80 degrees, and the other lacked 15 
degrees of complete extension; both have good stability and are able to be 
active and to perform ail but strenuous activities. Two of the patients 
have been operated upon too recently to permit the drawing of final 
conclusions. However, in these two cases, at five and seven weeks re- 
spectively, from 15 to 20 degrees of active and passive motion is possible, 
while the lateral stability appears normal. In three cases we were unable 
to obtain any follow-up examination, but at the time of discharge the 
results were recorded as being satisfactory. 

Of the seven patients treated by closed reduction, two, or 29 per cent. 
had normal functioning knees, and three, or 43 per cent., had limited 
motion, instability, and pain on use. Two others did not return for treat- 
ment or study. 


ILLUSTRATIVE CASES 


Case 9. R. W., colored male, aged thirty-six years, was admitted to the hospital on 
March 18, 1937, following injury to the left knee, caused by an automobile. There was 
swelling, and any attempt at motion was very painful. At operation, the lateral menis- 
cus was excised. The entire extremity was immobilized in a complete circular plaster 
cast from the groin to the toes inclusive. On April 2, 1937, the patient was allowed up in 
a chair, and on April 3, 1937, began walking with the aid of crutches. 


CasE 11. J. W., white male, aged forty-six years, injured the left knee in an auto- 
mobile accident on January 31, 1937. The usual signs of swelling, discoloration, and 
painful motion were present. On February 6, 1937, at open reduction, the lateral 
meniscus was excised. The entire extremity was immobilized in a complete circular 
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TABLE I 


Case Name Sex | (Years) Etiology Reduction pom Fixation 
1 | F.W.B.| Male 38 | Struck by Open Cast 
2/|M.N. Female | 48 | Automobile | Open (2) Screw and cast 
in auto- | Open Serew and cast 
| mobile and | 
street-car 
4/|B.L. Male 36s Fall | Open Lateral Steinmann pin 
E.D.A. Female) 51 | Struck by | Open (2) Medial Cast 
J.C Female | 35 | Struck by Open Lateral Cast 
7 M.C. | Female! 55 Struck by | Open Lateral Cast 
8 | A.T. | Female| 53 | | ‘Pall | Open Lateral Cast 
R.W. | Male | 36 | Struck by | Open Lateral ‘Cast 
10  R.O. Male 53 | Struck by | | Lateral Cast 
11 | J.W. | Male | 46 | Struck by - Open | Lateral Cast 
12 Female; 54 | Struck by Open Lateral (lateral | Cast 
automobile | ligament re- | 
13 E. J. F. | Female) 60 | Struck by | Open (disloca- | Lateral (lateral | Cast 
automobile | tion of pa- ligament re- 
14 | E. M. Female | 30 | Struck by | Open | Lateral Cast 
| automobile | 
C.V | Male | 45 Fall Open Lateral Cast 
16 | J. K. Male 33 | Fall | Open Serew and cast 
17 Female | 54 | Fall in auto- | Closed (refused | "Cast 
mobile | operation) | alt: 
18 | R.E.A. Male 57 | Fall | Closed Cast 
19 | E. D.O. | Male 56 | Struck by Closed Cast 4 
automobile | 
| | 
20 | H. A Male 31 | Struck by Closed | | Cast 
automobile | | 
21 | G.B. Female | 35 | Struck by Closed | | Cast 
automobile | | 
22 | F. P. Female | 64 | Struck by Closed | Cast 
automobile 
23 | H.R. Male 43 | Fall Closed (refused Cast 


THE JOURNAL OF BONE AND JOINT SURGERY 


3 
ae |_| 
= 
| 
| 
T 
if 
| 
‘ 
: 
| 


FRACTURES OF THE TIBIAL PLATEAU 565 


TABLE I—(Continued) 
SuMMARY OF TWENTY-THREE CASES OF FRACTURE OF THE TIBIAL PLATEAU 


Period before Follow-Up Examination 
| Weight | Remarks 
Bearing | Flexion | Extension Stability 
12 weeks 5 months | Lacks 15° Normal Normal Good 
11 weeks | Screw removed in | 2 years 110° ~—S|: Normal Normal Good : 
10 weeks | Serew not removed = 4_ years 110° Normal Normal Good 
12 weeks | Pin removed in 8  3!g years | Normal Normal Normal Good 
22 weeks | Returned to work 15 months | 80° Lacks 5° Fairly good = Fair 
4weeks Left hospital and 
14 weeks | Pneumonia devel- 13 months Normal Normal Normal Good 
_|__opedin4thweek | 
1114 weeks Progress reported 6 months | Normal Normal Normal Good 
iby telephone 
? | Left hospital and 
did not return _ 
? Left hospital and 
did not return 
8 weeks 2 years 100° Normal Normal Good 
‘ 
12 weeks 6 months | Normal | Normal Normal Good 
16 weeks Pneumonia devel- | 15 months | 118° Lacks 15° Fairly good | Fair 
‘ oped in 4th week 
10 weeks Perritonsillar ab- 12 months Normal Normal Normal Good 
scess developed 
Cast removed 5 weeks 15° 15° Normal Satisfactory 
in from 5 to progress 
__ 7 weeks 
Serew removed 7 weeks 20° 20° Normal Satisfactory 
_in 12 weeks | progress 
( 16 weeks 16 months | 65° 130° Very poor Poor 
12 weeks ‘Returned to work 6 months | Normal Normal Normal Fair (pain on 
__as farmer ce use ) 
11 weeks Patient left hospi- | 
} tal and did not 
return 
14 weeks _ Treated with pro- | 22 months | Normal Normal Normal Good 
longed physio- | 
therapy. 
12 weeks | Patient left hospi- | 
_ tal and did not | 
16 weeks | 4 years | Normal | Normal Normal Good 
| 
12 weeks | Leg brace applied | 6 months | 65° = ~—|—: Lacks 40° | Poor (pain) | Poor 


| | | 
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plaster cast from the groin to the toes inclusive. On March 2, 1937, the patient was up 
in a chair, and, on March 15, 1937, he was allowed to walk with the aid of crutches. On 
March 27, 1937, the cast was bivalved, and physiotherapy was started. Weight-bearing 
was begun on April 2, 1937. On January 31, 1939, flexion to 100 degrees was possible. 
Extension and stability were normal. 

Case 14. E. M., colored female, aged thirty years, was struck by an automobile 
on November 17, 1935, and sustained an injury to the left knee. Open reduction was 
performed on November 23, 1935. Much old blood was removed from the joint. The 
lateral meniscus was found to be damaged, and was removed in toto. The entire ex- 
tremity was immobilized in a complete circular plaster cast from the groin to the toes 
inclusive. On December 26, 1935, the cast was removed, and the patient was allowed to 
use crutches. Weight-bearing was begun on February 3, 1936. On December 1, 1936, 
flexion, extension, and stability were normal. 

It has been evident to the writers that the pathology of trauma 
demonstrated in cases of fracture of the lateral tibial condyle at explora- 
tory operation—namely, the comminution of the articular cartilage, the 
gross crushing of the lateral meniscus, and the damage to the underlying 
spongy bone—has prompted a more vigorous and direct approach to the 
problem than is usually accepted. Long and many times permanent dis- 
ability from pain, instability, and lost function, observed in conserva- 
tively treated cases, likewise has prompted the more radical measures. 
The inefficacy of the roentgenogram to demonstrate fully the true extent 
of the injury would also seem to argue for more frequent exploration’ 

By operation through a simple, not too extensive exposure—in which 
the damaged soft structures are removed, good contour is restored to the 
lateral tibial plateau at its weight-bearing surface, and packed subchon- 
dral bone is supplied for support and for more rapid fibrocartilage forma- 
tion—many disconcerting disabilities may be prevented. 
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TUBERCULOSIS OF THE LARGE LONG BONES 
OF THE EXTREMITIES* 


BY W. B. CARRELL, M.D., DALLAS, TEXAS, 
AND HAROLD M. CHILDRESS, M.D., JAMESTOWN, NEW YORK 


Tuberculosis of the shafts of the large long bones is rare in the United 
States. An extensive search of the English literature revealed but thirty- 
two reported cases.” A questionnaire, sent to 250 leading orthopaedic 
surgeons in the United States and Canada, however, produced an addi- 
tional seventy-fourt hitherto unreported cases, nine of them being from 
Canada. This paper is a discussion of these cases with a report of four 
new ones and a detailed study of an unusual case with multiple osseous 
tuberculoid lesions. 

Every case in this series had been proved definitely to be tuberculous 
by microscopic section and animal inoculation, or by the latter method 
alone. Only lesions of the shafts—diaphyses and metaphyses without 
joint involvement—of the large long bones have been accepted. Eight 
unreported cases in which only the greater trochanter was affected were 
discarded as were four in which the clavicles alone were involved. The 
authors have included certain reported cases in which tubercle bacilli 
were present, but which appeared in the literature under other diagnoses. 


BONES AFFECTED (Fig. 1) 


In ninety-five patients, 123 long bones of the extremities were af- 
fected. Seven patients had involvement of two bones; four, of three 
bones; two, of four bones; and one, of seven bones. It is interesting 
to note that in the last-mentioned patient, both scapulae, both clavicles, 
the skull, and the spine were also affected. The tibia was involved in 
thirty-six cases (29 per cent.), and the femur was affected in thirty-three 
instances (27 per cent.). This marked frequency of occurrence in these 
two bones was present uniformly regardless of the age group. 


AGE AT ONSET (Fig. 2) 


Contrary to current opinion, shaft tuberculosis does not occur pre- 
dominantly in childhood. Of this series of ninety-five patients, forty-six 
(48 per cent.) were twenty years of age or more at the time of 
onset, seven of them being over fifty. In thirty-five the onset took place 
within the age period of from one to ten; of these patients, twenty-two 
had shaft involvement before they reached the age of five. Surprisingly 
large was the group of twenty-eight patients in whom the onset occurred 


* Read at the Annual Meeting of the American Academy of Orthopaedic Surgeons, 
Boston, Massachusetts, on January 24, 1940. 

t Fifteen of these were received after the charts had been completed. Analysis 
revealed that their addition would not appreciably affect the summaries. While most of 
the charts were based on ninety-five cases, 110 were actually studied. 
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TABLE I 


ANALYSIS OF THE EIGHTEEN DEATHS 


No. of 
Factors to Be Considered Cases 
Age: 
Multiple Long-Bone Lesions: 
Associated Active Lesions: 
Duration of Symptoms: 
Treatment: 


between the ages of twenty and thirty. The youngest patient was six 
months of age and the oldest, seventy-five years. From these figures, it 
is not possible to agree with many investigators who state that the tubercle 
bacillus has a predilection for the richly vascular, growing bones of chil- 
dren. There is a possibility, however, that the disease, frequently of low 
virulence, may start in the bone months or years before the appearance 
of clinical signs. 


DURATION OF SYMPTOMS (Fig. 3) 


Of the eighty-six patients with known duration of symptoms, forty- 
one (48 per cent.) had had complaints for less than six months. Seventeen 
of this group had had symptoms for less than three months. On the 
other hand, thirty-seven (43 per cent.) had had complaints for over one 
year. The shortest time recorded was three days, and the longest was 
forty-four years. It may be stated that shaft tuberculosis is chronic 
in nature, since nearly one-half of the group had had symptoms for over 
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one year, and nineteen of them, for over two years. The results of 
surgical treatment of patients with a duration of symptoms of two years 
or more were just as satisfactory as were those in patients who were seen, 
and consequently treated, early. Apparently the body develops a high 
resistance toward the organism, and thereby is able to limit its extension. 


ASSOCIATED LESIONS (Fig. 4) 

Associated active tuberculous lesions were present in thirty-seven 
patients. Twenty-five patients had pulmonary infections; seven of 
these patients died. The spine was affected in seven cases; the skull, in 
five; and the hands and feet, in but three. Of the total series of ninety-five 
patients, only eleven had joint involvement. This is considered remark- 
able, since the tubercle bacillus has a specific affinity for the synovia. 
This fact may indicate that the organisms which affect long bones are of 
low virulence, and the synovia thereby is able to resist invasion. Seven- 
teen of the thirty-seven patients with allied lesions, however, did not 
survive. Other sites of associated lesions were the meninges, skin, flat 
bones, middle ear, and small intestine. 


ANALYSIS OF DEATHS (Table I) 


Eighteen deaths occurred in ninety-five patients, of whom fourteen 
were under twenty-five years of age, four being under five years. Only 
five patients had more than one long bone involved, but seventeen 
(94 per cent.) had associated active lesions. Of these, seven had pul- 
monary infections, and five had joint involvement. Fourteen (78 per 
cent.) deaths were in patients with a duration of symptoms of one year or 
less. Seven of these patients had had complaints for less than five 
months. From these figures it appears that those patients who do not 
survive usually have an initial overwhelming infection. This statement 
is confirmed by the facts that eight patients, who were hopelessly affected, 
received no treatment of any form, and that seven others were treated by 
incision and drainage with diagnoses of severe extensive pyogenic 
osteomyelitis. 

TREATMENT (Table IT) 

The end results were known in seventy-one of the ninety-five cases. 
Healing occurred in 92 per cent. of the thirteen patients treated by 
curettage or saucerization and closure. In a large series of cases treated 
in China—as reported by Van Gorder and by Hsieh, Miltner, and 
Chang—this method also produced excellent results. In three cases 
in our series, however, bone chips were packed into the osseous cavity 
following curettage. The addition of chips, or ‘‘os purum”’ as advocated 
by Orell, may aid in a more rapid repair of the defect. 

Of the thirty-eight cases treated by incision and drainage, healing took 
place in twenty-five (66 per cent.); there was no improvement in six; and 
death occurred inseven. Many of these cases in which there were draining 
sinuses were not suitable for closure. Others, no doubt, were surgically 


VOL. XXII, NO. 3, JULY 1940 


574 W. B. CARRELL AND H. M. CHILDRESS 


TABLE II 
ANALYSIS OF TREATMENT AND END RESULTS IN SEVENTY-ONE CASES 


No. of No. of No. of 
rreatment Results Cases Associated Active Lesions 
| Curettage or 10 Healed 9 Lungs - 
Saucerization - — — —- ——— 
and Closure Unimproved 1 Urinary bladder 1 
Died 0 
Curettage or 3 Healed 3 Lung and adenoids 1 
Saucerization Lung and hip 1 
and Bone Chips —- 
Unimproved 0 
Died 0 
Incision and 38 Healed 25 Lungs 2 
Drainage Lungs, intestine, and clavicle 1 
Lungs and spine 2 
Lungs, sternum, and skull l 
Unimproved 6 Lungs 3 
Died 7 Lungs 4 
Spine 2 
Amputation 3. Healed 2 Lungs and skull 
Unimproved 0 
Died 1 Lungs 1 
Excision 4 Healed 2 Lungs 1 
Unimproved 0 
Died 2 Knee 1 
Lungs l 
No Treatment | 13 Healed 5 Lungs 1 
Unimproved 0 
| Died 8 Meninges 1 
Skin and cord 1 
Shoulder and ankle _ 1 
Otitis media and meninges 1 
| Lungs, sacro-iliac joint, and | 
hands _ 1 
Skull, mandible, ribs, and feet 1 
| Spine and knee 1 
lavicles and ribs 1 
Total | @E Healed | 46 34 
Unimproved | 7 | 
Died | 18 
treated under the diagnosis of pyogenic osteomyelitis. Later microscopic 
studies and animal inoculations yielded positive diagnoses of tuberculosis. 
Amputation and excision produced good results in 67 and 50 per cent. 
of the cases, respectively. 
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In the group of thirteen patients who received no treatment, eight 
died, and five had spontaneous healing. A number of these patients 
were moribund upon admission, and others had such extensive involve- 
ment of bone and other tissues that operation was contra-indicated. 
This explains the high percentage of deaths in this group. Many authors, 
however, mention spontaneous healing in shaft tuberculosis. In this 
series of seventy-one cases with known end results, there were only five 
instances of spontaneous healing. The facts that thirty-seven patients 
had had symptoms for over one year and that nineteen had had com- 
plaints for over two years before being treated demonstrate the fallacy of 
the inference that healing might eventually have taken place in more pa- 
tients if surgery had been delayed. 

Comparison of results in the methods reported is not entirely con- 
clusive, because factors relating to the extent of a particular lesion and the 
general condition of the patient would influence the outcome regardless of 
the procedure used. Such data could be procured only in full case reports. 
The groups, nevertheless, are large enough to warrant fairly definite con- 
clusions. A fundamental principle in treating tuberculosis is to avoid 
secondary infection. This is particularly applicable in the treatment of 
Incision and drainage, therefore, both theoretically and 
From this study of seventy-one 


osseous lesions. 
practically, is an unsound treatment. 
cases with known end results, it is apparent that curettage or saucerization 
and closure is the treatment of choice. It has the highest incidence of 
healing; it produces minimal surgical trauma; it is applicable to all lesions, 
regardless of location; and it causes less eventual deformity. 


CASE REPORTS 


Case 1. W. H., a white female, aged fourteen vears, was admitted to the Texas 
Scottish Rite Hospital in April 1931. The past and family histories were irrelevant. 
The patient stated that pain in the left mid-thigh had developed one year before admis- 
sion. There was no history of trauma. A slight elevation of temperature had persisted 
for several weeks, but there had been no heat or redness of the extremity. A double 
hip spica had been applied, with no improvement at the end of one month. A few weeks 
previous to admission the pain had been more severe, but the patient had continued to 
bear weight on the affected leg. 

Physical examination revealed tenderness to pressure and moderate swelling over the 
upper shaft of the left femur. Moderate muscle spasm was present about the hip. No 
heat or redness was noted. Atrophy amounting to one centimeter was present in the 
left mid-thigh. (See Figure 5-A.) 

Tuberculin tests down to 1 to 100 dilutions were negative, as were all laboratory 
A tentative diagnosis of non-suppurative osteomyelitis or possible osteogenic 
Saucerization with closure was done in May 1931. No definite 
One year later a mass of grayish tissue and bone sand 


studies. 
sarcoma was made. 
diagnosis was made from biopsy. 
was removed, and a positive diagnosis of tuberculosis was made by microscopic studies. 
At this time, a cystic lesion (Fig. 5-C) had developed in the proximal end of the right 
humerus. 

The patient has been observed periodically up to the present time. 
has remained healed; there is shortening of one centimeter with limitation of motion in 
Without treatment the lesion of the humerus healed completely in one year. 


The left femur 


the hip. 
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CasE 2. J. H., a white 
female, aged thirteen months, 
was admitted to the Texas 
Scottish Rite Hospital (Service 
of Dr. R. Jackson) in March 
1939. The patient’s mother 
had had active pulmonary 
tuberculosis during pregnancy. 
Efforts to produce an abortion 
were unsuccessful. 

Pain in the left mid-tibia 
of one week’s duration was 
present on admission. There 
had been no elevation of tem- 
perature at any time; the 
patient’s general condition was 
good. On physical examina- 
tion the skin over the tibia was 
slightly red, with increased 
heat; marked tenderness to 
pressure was noted; no inguinal 
adenitis was present. 

Urinalysis and blood studies 


were negative, as were also 
serum tests for lues. A biopsy 
was done, and a microscopic 
diagnosis of tuberculosis was 
made. (See Figure 6.) 
Treatment consisted in 
curettage and closure. The 


\s child was discharged with an 

4 

3 upper-thigh plaster cast, and 

oa her general condition had im- 

Pe proved when seen four months 

later. 

6 

Case 3. M. J., a white 


Case 2. J. H. Microscopic diagnosis: tubercu- 


losis of left tibia. female, fifteen years of age, 


with an infiltrative lesion at the 
lower end of the left femur, was seen in the latter part of 1939. Saucerization was done, 
and the wound was closed. Examination of the tissues showed tuberculosis. Healing 
was by primary union, but final results are to be determined. 


Case 4. L. J., a colored male, aged six years, also seen in 1939, had pulmonary 
tuberculosis, cervical adenitis, active infection of the left hip, and an osteoperiosteal 
lesion of the left fibula. Examination of the tissues was positive for tuberculosis. Treat- 
ment consisted in excision and packing. The final result has not been determined, but 
the prognosis is poor, since preoperative ulceration and multiple associated lesions 
were present. 


PATHOGENESIS 


The pathogenesis of bone tuberculosis has not been definitely estab- 
lished. Fraser states: “healthy bone cannot easily be infected with 
tuberculosis; its marrow must first undergo a gelatinous or fibromyxo- 
matous degeneration, and such a degeneration is the result of a tuberculous 
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toxemia and of a tuberculous endarteritis of the vessel supplying the 
bone... .”’ He suggests that the bacilli probably are released originally 
by an extravasation of blood from a ruptured vessel weakened by endar- 
teritis. The direct cause may be due to slight trauma. Karsner, quoting 
Sénéque, says that trauma may be an etiological factor, in that it may 
awaken a latent disease rather than establish a point of lowered resistance 
for the lodgment of organisms. Kaufmann points out that trauma may 
play a part, since the great majority of cases of bone tuberculosis are 
found in men. In our series 70 per cent. of the cases were in males. 

Kolodny upholds the embolic theory. Koenig was the first to sug- 
gest the embolic form of pathogenesis, when he noted the frequent wedge- 
shaped sequestra. Lexer, in 1904, showed that the capillaries of the 
epiphyseal, metaphyseal, and diaphyseal blood systems from the nutrient 
artery do not anastomose, but are end vessels. Kolodny confirmed these 
findings and concluded that the parallelism between the frequency with 
which certain skeletal regions are involved in tuberculosis and the abun- 
dance of their blood supply strongly supports the embolic theory. 

Boyd emphasized the fact that, in tuberculosis of long bones, bone 
destruction is usually dominant over bone formation, although there is a 
marked tendency toward limitation of spread and spontaneous healing, 
owing to the fibrous-tissue formation so characteristic of tuberculosis in 
the lungs and in other organs. Fraser found in experimental studies that 
a follicle is formed in the marrow, consisting of giant cells, epithelioid cells, 
and lymphocytes. By amalgamation of these follicles, a relatively large 
mass is developed. Central caseation begins with consequent peripheral 
fibrous-tissue formation to limit the spread. If the caseation is predomi- 
nant, then the disease advances. If, on the other hand, the peripheral 
resistance is adequate, the disease remains localized. Fraser classifies 
tuberculous bone lesions into four distinct forms: the encysted, the in- 
filtrative, the atrophic, and the hypertrophic. Distinguishing character- 
istics in some of these types may be noted in the roentgenograms in the 
report of the following case of multiple bone lesions, tuberculoid in nature, 
without proved diagnosis. 


CASE REPORT-——MULTIPLE LESIONS TUBERCULOID IN NATURE 


CasE 5. J. M., a white male, aged seven years, was admitted to the Texas Scottish 
Rite Hospital on October 13, 1937. The family and past histories were irrelevant. 
Eight months prior to admission, the patient had fallen from a see-saw to the ground, 
sustaining contusions on both knees and the left wrist. About this same time the parents 
had noticed swelling above the right elbow and of the right mid-leg. No pain, fever, or 
malaise had been present at any time, and the patient had remained normally active. 
He had gained in weight and height at normal rates. Serum tests for syphilis had been 
negative two months before admission. 


Physical Examination 


Physical examination revealed localized swelling of the distal half of the left radius 
with mild pain on pressure; on the posterior portion the bone was compressible; there 
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Character of lesions during second year of observation. 
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was no heat or redness. The 
distal third of the right humerus 
showed moderate bone enlarge- 
ment; no tenderness to pressure 
could be elicited; and there were 
nosignsof infection. Thedistal 
half of the right tibia showed 
marked bone enlargement; there 
was no tenderness to pressure; 
and no inguinal adenitis or any 
other signs of inflammation 
could be observed. Weight- i 
bearing on the affected leg 
‘aused no pain. The left chest 
showed signs of consolidation of 
the left lower lobe of the lungs. 


Roentgenographic Examination 

Roentgenograms (Figs. 7-A, 
7-B, and 7-C) were taken and 
interpreted as showing a chronic 
form of bone destruction, with 
some osseous formation. All 
the lesions appeared to have the 
same etiology, but seemed to be 
in different stages of progress. 
There was fibrosis of the left 
lower lobe of the lungs. 


Laboratory Studies 
Fig. 7-G The laboratory findings 
were as follows: 


Case 5. Third year of observation. Healing in progress. 
Red blood cells—4,300,000 


White blood cells—14,200 Hemoglobin—80 per cent. 
Polymorphonuclear neutrophiles—58 per cent. 
Lymphocytes— 40 per cent. 
Monocytes— 2 per cent. 


Coagulation time—3!5 minutes 
Serum calcium—10.1 milligrams 
Serum phosphorus—4.6 milligrams 
Total urinary calcium output in 48 hours—1.5 grams 
Urinalysis—negative 
Serum tests for syphilis—negative. 
Surgical Treatment 
November 1937: Biopsies of left radius and right tibia. 
January 1938:  Curettage of distal half of left radius. 
February 1938: Aspiration of left chest; no fluid found. 
March 1938: Curettage of distal third of right humerus. 
December 1938: Biopsy of left fibula. 
Pathological Findings and Diagnoses * 
Material from left radius and right tibia: Tuberculous osteitis, chronic, active, pro- 
gressive, and destructive. 
Material from right humerus: Chronic destructive osteitis; etiology not determined. 


* These histological studies were made by Frederic Parker, Jr., Boston; C. H. Hatcher, 
Chicago; George T. Caldwell, J. L. Goforth, and A. B. Cairns, Dallas. 
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Material from left fibula: Caseous ne- 
erosis of chronic inflammatory granulation 
tissue, probably tuberculous. 

Inoculation of three guinea pigs was 
negative for tuberculosis. 

Course (Figs. 7-D, 7-E, 7-F) 

Clinically the patient has continued to 
improve. In none of the lesions did sinuses 
develop and he has not complained of pain. 
On several occasions a productive cough has 
developed, but the sputum on repeated 
examinations has been found negative for 
acid-fast organisms. The patient has been 
seen over a period of three years; he has 
remained in bed most of that time, but has 
continued to grow without marked deform- 
ity. Roentgenographically, there was a 
marked spread of the disease for ten months 
following the first examination. From 
that time there has been progressive healing 
in all the lesions (Figs. 7-G and 7-H). 

DISCUSSION 

From clinical and roentgeno- 
logical viewpoints, a differential diag- 
nosis would include syphilis, pyogenic 
osteomyelitis, coccidioidal infection, 
Jiingling’s disease and Boeck’s sar- 
coid, and tuberculosis. Ewing's and 
osteogenic sarcomata were not con- 
sidered, because of the multiplicity 
of lesions. Conditions occasionally 
producing bone lesions of a similar 


Fic. 7-H 
Case 5. Third year of observation. 
Healing in progress. 
appearance—such as actinomycosis, 


blastomycosis, leprosy, and disturbances in lipoid metabolism—were also 
excluded, because no characteristic findings in these diseases were present 
in the case under discussion. 


Syphilis 

Lues, congenital or acquired, must be given first consideration in such 
a widespread bone involvement. All forms of shaft lesions may occur in 
untreated syphilis, but the most characteristic exhibits a heavy dense 
infiltration of bone through the cortex, marked subperiosteal bone, and 
partial or complete obliteration of the medullary canal. Interference 
with the blood supply and gumma formation may result in the production 
of irregular cavities and areas of bone destruction. If there are two bones 
in a segment, as in the arm or the leg, the involved bone is usually in- 
creased in length and is bowed. 

In our case it was only after histological and serological studies that 
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syphilis as the etiology was eliminated. Eagle, Kahn, Kline, and 
Wassermann tests were negative. Provocative tests were negative. 
The father’s serum was also negative for lues; the mother was not avail- 
able for study. In addition, the patient did not have any stigmata of 
lues, and he showed progressive healing without antiluetic treatment. 


Chronic Pyogenic Osteomyelitis 

This disease may involve multiple bones and may be a combination 
of Brodie’s abscesses and the sclerosing non-suppurative type of osteomye- 
litis described by Garré. These forms very closely resemble, clinically 
and roentgenographically, tuberculous bone lesions. In several in- 
stances, however, in our series the bone infection was fulminating and 
widespread and showed all the signs and symptoms of an acute suppura- 
tive osteomyelitis. In the case just described, although there was ex- 
tensive involvement, no acute onset, no elevation of temperature, no pain 
at any time, no sinus formation, and no sequestration were noted, and the 
overlying soft tissues were not affected. Bacteriological studies were 
also negative. We were able, therefore, to exclude as a diagnosis both 
the acute and the chronic forms of pyogenic osteomyelitis. 


Coccidioides 


Bone involvement in generalized coccidioidal infection is com- 
mon *, », and the lesions closely resemble, both clinically and pathologi- 
cally, tuberculous bone infection # 75. It is essentially a destructive 
osteomyelitis, arising centrally, subperiosteally, or by extension from 
adjacent abscesses. As in other granulomata, there is a central ischaemia, 
with a tendency toward caseation and liquefaction. The condition may 
be fulminating ** or chronic in nature 2°. ®, An associated fibrosis of the 
lungs frequently is found. The epiphyses and tubercles of the long bones 
are most often affected.!* Many authors have pointed out that coccidioi- 
dal and tuberculous bone lesions cannot be differentiated accurately by 
roentgenograms alone. Definite proof of coccidioidal infection, however, 
is not difficult to obtain by microscopic study or by animal inoculation. 

Coccidioidal infection was excluded in the case under discussion for 
the following reasons: The bone lesions involved no tubercles or epiphyses; 
the course of the disease was exceedingly chronic without systemic re- 
actions; the lesions showed spontaneous healing; repeated microscopic 
examinations of biopsy material were negative; and inoculations into 
male guinea pigs produced no characteristic lesions. 


Jiingling’s Disease and Boeck’s Sarcoid 


Jiingling described a condition of multiple cystic lesions in the meta- 
carpals, metatarsals, and phalanges of young adults. In his series a few 
long bones were affected. He believed the lesions to be tuberculoid and 
to be a peculiar form of tuberculosis. He emphasized the close association 
of this bone disease with Boeck’s sarcoid and lupus pernio. 
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‘‘Multiple benign sarcoid’’ was the name given to the disease re- 
ported by Boeck, which is characterized by skin lesions and enlarged 
lymph nodes. He considered the condition to be due to a non-virulent 
form of the tubercle bacillus. Schaumann believes that the disease is 
due to a non-acid-fast, possibly filtrable, form of the tubercle bacillus. 
Hodges, Phemister, and Brunschwig mention that many present-day in- 
vestigators are convinced that a sarcoid is nothing more than an unusual 
reaction of ordinary tuberculosis working in highly resistant tissues. 
According to Ellis, the etiology of the sarcoid is debatable, but is probably 
tuberculous. In regard to the bone lesions, it is his opinion that frank 
cystic tuberculous oeteitis has been confused in recent literature with 
Jiingling’s disease. 

Several of the postulates outlined by Jiingling are fulfilled in our case. 
There were no sequestration, sinus formation, extension into joints, or 
positive reactions to tuberculin tests. Despite pulmonary involvement, 
no tubercle bacilli could be found in the sputum. Stains, cultures, and 
animal inoculations with biopsy material were negative for this bacillus. 
The general health of the patient also remained excellent. The facts 
which are against Jiingling’s disease are: The skin was not involved; the 
bones of the hands and feet were unaffected; marked caseation was 
present; and tissue from two lesions was diagnosed microscopically as 
tuberculosis. 


Tuberculosis 

The roentgenographic appearance is in accord with three distinct 
forms of tuberculous lesions. The encysted type shows definite cystic 
formation in the metaphysis with but slight bone reaction. The atrophic 
form has marked metaphyseal atrophy and expansion, the latter being 
due to an excess of periosteal bone formation, which has been undermined 
by the disease process. The infiltrating type has marked periosteal 
reaction, sclerosis of the bone, and extensive involvement of the shaft. 

The gross appearance of the lesions demonstrated at operation are 
in line with a diagnosis of tuberculosis.“ In the encysted and atrophic 
forms the bone shell was soft and thin, and the cavities were filled with a 
grayish granular material with a central area of caseation. A moderate 
amount of bone sand was present with no sequestra. In the infiltrating 
form there was marked subperiosteal new bone, and the cortex was heavy 
and dense. The cavity, however, contained caseation and bone sand as 
in the other two forms. 

Studies of tissue taken at biopsy in several laboratories were not con- 
clusive. In none of the tissue were found the typical cells of Langhans, 
but from two lesions the histological pattern warranted a diagnosis of 
tuberculosis. This diagnosis could not be substantiated, however, by 
sections from other lesions. Furthermore, three guinea-pig inoculations 
were negative for acid-fast organisms, and the Mantoux tests were per- 
sistently negative down to a dilution of 1 to 100. 
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A tentative diagnosis of tuberculosis has been made in the case which 
we have reported, although it has not been confirmed during the three 
years in which this patient has been observed. The history and clinical 
behavior are consistent with those of tuberculosis. The multiplicity of 
bone lesions, in both diaphyses and metaphyses, does occur as shown by 
our charts. These findings do not positively prove or disprove tubercu- 
losis. They do suggest, however, that this patient’s condition may be 
due to a non-virulent form of the tubercle bacillus, as reported by Boeck 
and later by Jiingling. In our opinion, the process is one of an atypical 
tuberculous osteomyelitis, due, perhaps, to an attenuated organism, and 
the prognosis for ultimate recovery is good. 


CONCLUSIONS 


1. Shaft tuberculosis is essentially a chronic disease. In rare 
instances it may be fulminating and rapidly progressive. 

2. The tubercle bacillus does not have a predilection for the growing 
bones of children, since, in nearly one-half of the cases reviewed, the 
disease started in patients over twenty years of age. 

3. Of the large long bones, the tibia and the femur are most fre- 
quently affected. 

4. Active pulmonary and other tuberculous lesions are frequently 
associated with shaft tuberculosis. 

5. The treatment most frequently used was incision and drainage, 
due, in part, to early diagnosis of pyogenic osteomyelitis. 

6. Saucerization and packing is an effective treatment in the 
presence of draining sinuses. 

7. Curettage or saucerization and closure in cases without sinuses, 
practically and theoretically, is the treatment of choice in tuberculosis 
of the long bones of the extremities. 

The authors take this opportunity to express their appreciation to the following sur- 
geons who provided data on their unpublished cases: Roger Anderson, David M. Bos- 
worth, Guy A. Caldwell, Walter F. Carruthers, M. S. Danforth, Frank D. Dickson, 
Juan Farill, Robert V. Funsten, R. K. Ghormley, R. I. Harris, Paul U. Hartman, R. N. 
Hatt, E. W. Hauser, Myron T. Henry, J. T. Hodgen, R. T. Hudson, Samuel Kleinberg, 
Edward LeCocgq, C. L. Lowman, W. R. MacAusland, A. P. MacKinnon, D. M. Meekison, 
O. L. Miller, J. S. Norman, J. F. O’Brien, W. W. Plummer, E. M. Regen, M. W. Rohn, 
Alan DeForest Smith, Arthur Steindler, G. B. Stephenson, G. M. Taylor, T. E. Wyatt, 
and Philip D. Wilson. 
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EVALUATION OF WOLFF’S LAW OF BONE FORMATION 


BY ALEXANDER KUSHNER, M.B., B.SC., LINCOLN, NEBRASKA 
Resident in Orthopedic Surgery, Nebraska Orthopedic Hospital, Lincoln 


This analysis was prompted by a study of Murk Jansen’s treatise, 
“On Bone Formation’’,* in which he claimed to have demonstrated the 
untenability of Wolff’s law of bone formation. Wolff '’, in 1870, depicted 
the structure of a bone as representing an exact symbol of external forces 
which were operative upon it and formulated his “‘ Law of Transformation 
of Bone’’, in 1892 '*, which stated that wherever stresses of pressure and 
tension are caused in bone, be it by pressing forces or by pulling, formation 
of bone takes place. Jansen objected strenuously to this principle and 
advanced many arguments to show that Wolff’s deductions were fallacious 
and that tension will result in atrophy of bone, whereas pressure consti- 
tutes the only trophic stimulus. His deductions were based on a study of 
bone trabeculae of sections of normal and pathological bone taken from 
parts of the skeleton where stress is greatest, such as the neck of the femur, 
and in such pathological conditions as bony ankylosis of the knee in flex- 
ion and ankylosis of a kyphotic spine. He concluded that tension is un- 
favorable to bone growth, and that the bone elements place or displace 
themselves in the direction of functional pressure. He also stated that 
wherever bone formation is to be promoted, as in fractures and bone 
transplants, it cannot be expected, on any reasonable ground, from ten- 
sion although it can be anticipated from pressure. The clinical impor- 
tance of this postulate is obvious to the surgeon who attempts to trans- 
plant bone where undue tension will be exerted on the graft. However, 
there is ample clinical evidence to show that tension will not cause the 
death of the bone graft, but will.even stimulate its growth to a degree 
that is adequate to resist successfully the tension stress. 

Other observers have written on this interesting question, and the 
trend of opinion inclines to a modified view of Wolff’s law. Volkmann "7 
and Hueter? contended that pressure inhibits growth of bone, while 
release of pressure favors it. Meyer !°, in 1867, described the architecture 
of cancellous tissue, distinguishing between the pressure-sustaining 
elements. Steindler » believes that certain modifications of the original 
Wolff’s law must be introduced, taking into account the fact that the 
stimulating effect of functional pressure has certain biological limits, both 
in intensity and in duration, and that the reaction to tension stresses is 
somewhat different from that to pressure. 

Bone grafts are sometimes transplanted to parts of the skeleton where 
they are undoubtedly under great tension, and, if the existence of this 
tension be recognized and the bone graft be observed to retain its vitality 
and to exhibit hypertrophy, then it may be fairly deduced that tension is 
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Fig. 1-A Fig. 1-B 


Roentgenogram and schema, showing H-shaped bone graft inlaid across un- 
united fracture of patella. Arrows indicate line of tension stress exerted by 
quadriceps muscle and patellar tendon upon the graft, which does not atrophy 
and which maintains coaptation of fragments. Bone repair occurs in spite of 
complete absence of pressure stress. 


not necessarily detrimental to osteogenesis. Former investigations on 
this subject were made by analyzing post-mortem specimens of the skele- 
ton and accounting for the amount of bone deposition or atrophy on the 
basis of stresses supposed to have been present during life. However, 
this is unsatisfactory in so far as different observers are in disagreement as 
to whether tension or pressure was acting on the specimen in question. 
For example, in the classic studies made by Roux ", in 1883, the specimen 
consisted of a knee joint ankylosed in 80 degrees of flexion. He assumed 
that the concave side was subjected to pressure by the weight of the body 
in walking, but Murray ” questions whether such a limb could have been 
used in walking unless some device were attached to the knee. Jansen, 
in criticizing Roux, goes on to say that the convex side of the knee in 
question is frequently under pressure instead of tension, as Roux postu- 
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Fig. 2-A Fig. 2-B 
Roentgenogram and schema of spine, fifteen years after fusion of spine for 
Pott’s disease by tibial bone graft. The tibial graft is under extreme tension, 
but responds favorably by exhibiting hypertrophy in accordance with Wolff's 
law. Arrows in schema indicate direction of stresses. Shaded area denotes 
bone graft. 
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lated, because of the weight 
of the limb when elevated, the 
pull of the quadriceps, vibrat- 
ing movements, etc. Thus it 
is apparent that before deduc- 
tions as to the influence of 
tension or of pressure can be 
made, one stress must be iso- 
lated from the other and the 
effects of each studied sepa- 
rately. Studies upon parts 
of the normal skeleton that 
are undoubtedly under ten- 
sion during its normal func- 
tion, such as the junction of 
bone and tendon, have not 
been satisfactory. Several of 
the operations devised by 
present-day bone surgeons af- 
ford the opportunity to study 
the effect that long-continued 
tension has upon bone forma- 
tion and to provide the basis 
for this re-evaluation of Wolff's 
law. 

In Albee’s operation for 
ununited fracture of the pa- 
tella?, an H-shaped bone 
graft is inlaid across the frac- 
Fia. 3 

ture line, so as to coapt the 


Tuberculosis of lumbar spine, treated by Albee : Pd 
spine fusion in 1918. Roentgenogram, taken fragments and to resist the 
twenty-one years after operation, shows bone pull of the quadriceps tendon 


graft to be almost three times as large as when “ea 7 
originally implanted,—a reaction to the great (Figs. 1-A and 1-B). It is 
stresses acting on the lumbosacral junction. apparent that the bone cells 


in the bone graft are under 
tension constantly,—from the moment that the bone tenaculum which 
holds the fragments together while the graft is inserted is removed, 
throughout the postoperative period of immobilization maintained by the 
muscle tone of the quadriceps, and finally, in the stage of active motion. 
The element of pressure is minimized here, and to study the progress of 
such a case results in the conviction that pressure stress is not indis- 
pensable for the growth of bone. Unfortunately, the enlargement of the 
graft cannot be observed, because the graft is in contact with the patella 
on all its borders. 
To study this phenomenon, one must turn to the bone-graft opera- 
tion in Pott’s disease with advanced kyphosis (Figs. 2-A and 2-B). 
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Here, too, the bone graft is placed in an environment of tension. This 


‘an be confirmed at the oper- 
ating table when the inter- 
spinous ligaments are found to 
be extremely taut, due to the 
collapse of the vertebral bod- 
ies. Campbell® and Steind- 
ler * mention the risk of frac- 
ture of the graft in this type of 
‘ase, because of the extreme 
tension present, but Albee 
eliminates this complication 
by using heavy, flexible grafts 
in the so-called ‘‘bundle-of- 
reeds’? method. Figure 2-A 
is a roentgenogram of a spine 
taken fifteen years after fusion 
of the thoracic region. After 
the patient began weight- 
bearing, this graft was con- 
stantly under tension, due to 
the fact that in this region the 
line of gravity passes anterior 
to the vertebral bodies with a 
resultant tendency of the spi- 
nous processes to diverge. 
One of the functions of the 
graft is to prevent this tend- 
ency by fusing the spinous 
processes, thus precluding fur- 
ther deformity. Here, again, 
we have an example of bone 
growth in the presence of ten- 
sion. The bone graft in the 
spine lends itself to study, be- 
‘ause it retains its identity 
throughout the life of the indi- 
vidual, enabling its “life cycle” 
to be followed. This is not so 
in the case of ununited frac- 
ture of a long bone, because of 
its assimilation by the sur- 
rounding bone after the frac- 
ture has united. Another ex- 
ample of hypertrophy after 
long-continued tension is seen 
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Fig. 4-A Fic. 4-B 

Roentgenogram and schema of ununited frac- 
ture of tibia, where fibula was bolted to tibia by 
means of several bone-graft pegs. Body weight 
is transmitted through bone grafts to the fibula, 
which replaces the tibia. Bone graft A is under 
tension, but does not atrophy. The fibula is 
under greater pressure than before operation and 
responds by hypertrophy. 
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in Figure 3, which was taken twenty-one years 
after the fusion operation for tuberculosis of the 
lumbosacral vertebrae. It is interesting to note 
that the graft enlarged considerably at the point 
of greatest stress,—namely, the junction of the 
movable portion with the fixed portion of the 
spine. When the body weight is inclined forward, 
a severe strain is thrown upon the graft, which 
must be of adequate dimensions. However, in the 
erect posture, the graft in this case no doubt trans- 
mits the superincumbent body weight, so that 
both tension and pressure enter into the question 
here.* 

Figure 4-A is a roentgenogram taken three 
years after operation for ununited fracture of the 
tibia. Bony union of the tibia to the fibula was 
induced by means of several bone-graft pegs, be- 
cause the extensive scar tissue over the fracture 
site and sclerosis of the bones, due to the original 
infection, interfered with the attempt to obtain 
union by the usual methods. This is an interest- 
ing example of the application of Wolff’s law. 
The body weight is now supported by the fibula, 
and, as a result, it has increased in size in response 
tad to the increase in pressure. The proximal bone 
Fic. 5 graft, A, which is under tension only, has not only 

Callus formation un- etained its vitality, but it has also hypertrophied 

der extreme tension, as _ proportionately. 
obtained in the femur- I 4 
n the operation of leg-lengthening, where a 


lengthening operation, 
before weight-bearing Z-shaped osteotomy is performed and the bone 


oer pee. ends are distracted by turnbuckles, as described 
by Abbott ! and Orr (reported by Alcorn‘ and Teal ') callus formation 
proceeds during the process of elongation of the limb. When consolida- 
tion occurs and weight-bearing is permitted, tension on the callus is re- 
placed by pressure. However, the point is made that extreme tension, 
per se, does not inhibit callus formation (Fig. 5). 


DISCUSSION 

Many other examples of bone formation proceeding in the presence 
of tension may be cited, but the writer has referred to those instances 
where only a tension stress was exerted upon tissue exhibiting active 
osteogenesis and where pressure could be eliminated as a potent factor in 
this process. 

Tension is by no means regarded as a more favorable environment for 
a bone graft than pressure. Remarkable hypertrophy of the graft occurs 
and “‘depends upon the need for it”’, as J. B. Murphy ™ expressed it in 
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referring to bone growth, and the greatest need is seen when the pressure 
exerted by the body weight calls for an adequate supporting structure. 
Therefore, pressure is no doubt the most effective mechanical agent for 
altering the structure of bones. Tension requires a greater effort on the 
part of the osteoblasts, but it is not necessarily antagonistic to them. 
Bone grafts, when placed under tension, will survive if an adequate tech- 
nique is followed, but it should be emphasized that fracture, atrophy, or 
deformity will result if the tension or pressure acting upon bone exceeds 
its physiological mechanical capacity. 

However, it should be noted that the most favorable environment for 
a bone graft immediately following the operation is that of absolute im- 
mobility. When the blood supply to the graft has been established and 
the deposition of the callus has advanced to a point where the graft be- 
comes firmly embedded in the host tissues, as determined by roentgeno- 
graphic and clinical study, then its mechanical function may be permitted 
with the assurance that it will continue to enlarge until the need for it has 
been satisfied. 

Albee ? has stated that a real understanding of the modus operandi 
and theory of Wolff’s law is imperative. The influence of this law upon 
the success of transplantation procedures of all kinds cannot be too 
strongly emphasized. It not only influences the graft to proliferate and to 
strengthen to an almost unlimited degree, if the new mechanical environ- 
ment of the graft requires it, but the action of this law also causes the bone 
from which the graft was removed to be returned to its original strength. 


SUMMARY 

1. Clinical evidence in support of Wolff’s law as originally pro- 
pounded has been cited. 

2. Jansen’s contention that tension always produces bone atrophy 

is not substantiated, and his proposal that Wolff’s law be modified ac- 


cordingly is unwarranted. 
3. <A bone graft will survive and will continue to hypertrophy, al- 


though under constant tension. 


The author wishes to express his appreciation to Dr. H. Winnett Orr for his helpful 
criticism and to Dr. Fred H. Albee for permission to reproduce the roentgenograms which 


accompany the article. 
REFERENCES 


1. Assort, L. C.: The Operative Lengthening of the Tibia and Fibula. J. Bone and 
Joint Surg., IX, 128, Jan. 1927. 

2. Avsegz, F. H.: Orthopedic and Reconstruction Surgery, Industrial and Civilian. 
Ed. 2. Philadelphia, W. B. Saunders Co., 1921. 

3. ALBEE, F. H., anp KusHNER, ALEXANDER: The Albee Spine Fusion Operation in 
the Treatment of Scoliosis. Surg. Gynec. Obstet., LX VI, 797, 1938. 

4. Acorn, F. A.: Tibia and Fibula Lengthening by the Turnbuckle Method. Surg. 
Gynec. Obstet., LX. VIT, 230, 1938. 

5. CampBE.L, W. C.: Operative Orthopedics. St. Louis, C. V. Mosby Co., 1939. 


VOL, XXII, NO. 3, JULY 1940 


| 
| 
| 
| 
‘ 


596 


19. 


ALEXANDER KUSHNER 


Harris, H. A.: Bone Growth in Health and Disease: The Biological Principles 
Underlying the Clinical, Radiological and Histological Diagnosis of Perversions of 
Growth and Disease in the Skeleton. New York and London, Oxford Univ. Press, 
1933. 

Hvetenr, C.: Anatomische Studien an den Extremitatengelenken Neugeborener und 
Erwachsener. Virchows Arch. f. path. Anat., X XV, 572, 1862; XX VI, 484, 1863. 
JANSEN, Murk: On Bone Formation: Its Relation to Tension and Pressure. Man- 
chester, Manchester Univ. Press, 1920. 

Keirn, ArrHuR: Menders of the Maimed. p. 282. London, Oxford Univ. Press, 
1919. 

Meyer, G. H.: Die Architectur der Spongiosa. Arch. f. Anat., Physiol., u. wissen- 
schaft. Med., 615, 1867. 

Murpnuy, J. B.: Quoted by Keith. 

Murray, P. D. F.: Bones: A Study of the Development and Structure of the 
Vertebrate Skeleton. Cambridge, Univ. Press, 1936. 

Roux, Wiuu.: Beitriige zur Morphologie der functionellen Anpassung. Arch. f. 
Anat. u. Physiol., 76, 1883. 

STEINDLER, ARTHUR: Diseases and Deformities of the Spine and Thorax. 
Louis, C. V. Mosby Co., 1929. 

STEINDLER, ARTHUR: Mechanics of Normal and Pathological Locomotion in Man. 
Springfield, Illinois, Charles C. Thomas, 1935. 

TEAL, Frirz: Operative Lengthening of the Lower Extremities. Nebraska Med. 
J., XXII, 219, 1937. 

VoLKMANN, Ricuarp: Chirurgische Erfahrungen iiber Knochenverbiegungen und 
Knochenwachstum. Virchows Arch. f. path. Anat., XXIV, 512, 1862. 

Wo rr, Jutius: Ueber die innere Architectur der Knochen und ihre Bedeutung 
fiir die Frage vom Knochenwachsthum. Virchows Arch. f. path. Anat., L, 389, 
1870. 

Wotrr, Jutius: Das Gesetz der Transformation der Knochen. Berlin, A. Hirsch- 


wald, 1892. 


St. 


THE JOURNAL OF BONE AND JOINT SURGERY 


at 
9. 
10. 
33. 
13. ' 
14. 
1 
16. 
17. 
3 
a. = 
i 
an 


FRACTURES OF THE RIBS 


BY DRURY HINTON, M.D., F.A.C.S., AND CHARLES A. STEINER, M.D., 
DREXEL HILL, PENNSYLVANIA 


The paucity of literature on fractures of the ribs in the past ten years 
is readily explained by the frequency of the fractures and the relative 
infrequency of complications. In the suburban hospitals, near main 
arteries of travel, the percentage of severe cases is somewhat greater than 
in the large city hospitals, and this paper is based upon a large suburban 
experience. 

We are all more or less familiar with the following practical points: 

1. The fifth to the ninth ribs bear the brunt of the trauma. 

2. Indirect violence, in approximating the ends of the ribs, increases 
their curvature—resulting in fractures outward near the middle of the rib 
or in front of the angle—usually involves more than one rib, and rarely 
produces complications. 

3. Direct violence produces a fracture of one or more ribs at the 
point of impact, the traumatizing force thereby tending to cause sharp 
rib fragments to protrude into the pleura and lung with attending com- 
plications. 

4. Muscle violence as a rule breaks the rib anteriorly and sub- 
periosteally, and the seventh to the eleventh ribs suffer most frequently. 

5. Single fractures are end to end; multiple fractures may overlap. 

6. in multiple fractures the patient’s attitude is with the body 
bent and the head inclined toward the affected side to reduce motion, 
or with the hand held over the affected side. 

Our series of 279 cases consists only of patients who were hospitalized 
and, therefore, shows a higher percentage of patients with complications 
and associated injuries than if both ambulatory and house patients were 
included. It should be borne in mind in considering the following sta- 
tistics that several factors make absolute accuracy impossible. Hospital 
records in general are less detailed about chest injuries, it would seem, 
than about injuries to other parts of the body, so that the notation “ multi- 
ple fractured ribs” is not uncommon, particularly in cases where the 


TABLE I 


Being | Falling 


Hit by Gollision| Falls | Objects, Being Sports Coughing Total 


Moving | (Cases) (Cases) Cave-Ins, Kicked | (Cases) (Cases) (Cases) 
Vehicle | Ete. (Cases) 
(Cases) (Cases) 
90 122 51 8 5 2 ] 279 
597 
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Fic. 3 


Roentgenogram taken from the left oblique position. The fractures of the 
ninth and tenth ribs are clearly demonstrated by the separation of the frag- 
ments. 


patients died shortly after admission before roentgenograms could be 
taken. Also, some rib fractures are exceedingly difficult to demonstrate 
even by roentgen-ray. It is for this reason that in all suspected cases of 
rib fracture roentgenograms are taken from three positions,—central, 
right oblique, and left oblique. This is well illustrated by Figures 1, 2, 
and 3, and for the use of this case the authors are indebted to Dr. Paul A. 
Bishop, roentgenologist. 

The causes of rib fractures in this series are listed in Table I. It is 
immediately apparent that the automobile was responsible for more thar 
three times as many of these injuries as all other factors combined. 
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TABLE II 
AGE AND Sex INCIDENCE 
Age | Males Females | Total 
(Years) | (Cases) | (Cases) | (Cases) 
0-10 | 7 5 | 12 
21-30 
9 
41-50 
Total | 190 84 274* 


* In 5 cases age or sex was not listed on chart. 


Table II demonstrates that males suffer rib fractures about two and 
one-quarter times as frequently as females, as would be expected, and that 
most fractures occur between the ages of thirty and sixty years. Frac- 
tures seldom occur in children, unless the chest is crushed. 

Table III illustrates that the fifth to the ninth ribs are the ones most 
frequently fractured. The first and second ribs are well protected by 
the clavicle and are seldom fractured; most of the cases recorded in the 
literature have resulted from muscle action such as in coughing and 
sneezing. Similarly, the eleventh and twelfth ribs, being attached at only 
one end, tend to give way with the force of impact. 


SYMPTOMATOLOGY 


The symptoms and signs of the uncomplicated case are so well known 
that they need be mentioned only briefly. There is usually a history of 
an injury, followed by a severe, sharp pain in the chest, which is made 
worse by deep inspiration. A localized point of tenderness over the 


TABLE III 
FREQUENCY OF FRACTURE OF INDIVIDUAL R1IBs 


No. of Rib 1 | 2 3) 4| 5 5 | 78) 12 | Total 
Right Side 21 26 | 32 36 “4253 53 42/38 28) 393 
Left Side | 8 | 25 20 38 48 | 4 49 9/51) 47° 11) 414 
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TABLE IV 


COMPLICATIONS * 


= 
No. of 
Cases 
Subcutaneous emphysema....................... 32 


1 


* 122 complications in 83 patients, representing 29.7 
per cent. of all patients, of whom 29 or 10.4 per cent. died. 


fracture site is present, and at times crepitus may be felt. Roentgeno- 
grams reveal the fracture in most instances. In case of doubt, the diag- 
nosis is made on the clinical evidence, negative roentgenograms notwith- 
standing. Our cases have all been confirmed by roentgen-ray. 


TREATMENT 


The treatment of the simple cases consists usually in adhesive strap- 
ping, applied in expiration from below upward, and extending from the 
sound side anteriorly to the sound side posteriorly. Straps should never 
be applied over the epigastrium, since this region moves with respiration 
and its motion will thus be transmitted to the chest. Strapping is not 
advisable over abraded skin, or in pneumonia, or when respiration is 
embarrassed from pneumothorax or other causes, or when its use would 
aggravate pain or deformity. Other methods occasionally used are 
complete binders, corsets, and the “‘Sam Browne”’ plaster belt (Waugh). 
This latter consists of four-inch strips of plaster-of-Paris, applied to the 
lower chest in expiration, with a communicating strip running over one 
shoulder. The belt need not be thick; six or seven turns of plaster band- 
age will suffice. It is usually advisable to keep the chest immobilized 
for about four weeks. Sedatives should be used where indicated. 


COMPLICATIONS OF RIB FRACTURES 


Many of the complications are so rare as to be worthy of only passing 
comment. Pericardial and cardiac injury, diaphragmatic hernia, and 
rupture of the liver, spleen, or colon are major catastrophes which de- 
serve surgical intervention, with the rib fractures as a minor consideration. 
Compound fracture through the skin may require débridement and, 
perhaps, antisepsis and care to minimize the development of osteomyelitis. 
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Pyothorax, excessive callus, and intercostal neuralgia as late complications 
may require secondary operation. Congestion and oedema of the lungs, 
bronchitis, pleurisy, pneumonia, and direct or contralateral collapse of 
the lung are primarily the concern of the internist. Simple pleural in- 
jury gives the signs of localized pleurisy and requires no special treatment. 
Traumatic asphyxia is produced by severe compression of the chest, and 
is due to an intense passive congestion. There is a dusky cyanosis, con- 
fined to the head, neck, and upper chest, often accompanied by subcon- 
junctival hemorrhage, or petechiae. It is alarming but usually not seri- 
ous, clearing up entirely in from three to five days. Two patients in 
this series showed it. 

Table IV demonstrates the complications encountered in our series, 
and it will be noted that hemothorax, subcutaneous emphysema, and 
pneumothorax are the most frequent, in the order named. 

Here again we would like to call attention to the fact that in some 
instances reference to complications in the patient’s record was vague 
and inconclusive, and positive statements were made in the main only 
when the complications were revealed by roentgenograms. In other 
cases where the injuries proved almost immediately fatal, terms such as 
“internal injuries’”’ were used to replace definite findings. Of the 279 
patients in this series, eighty-three or 29.7 per cent. had one or more of the 
complications listed in Table IV, and twenty-nine or 10.4 per cent. died. 
It will be recalled that this series does not include ambulatory cases of 
fractured ribs, which ordinarily would have no complications. 

Injury to the lung may occur without laceration of the parietal 
pleura,—that is, the lung may be burst by compression. Hemoptysis as 
the sole symptom may mean pulmonary contusion, but, associated with 
hemothorax, hemopneumothorax, or the parietal escape of air, it implies 
more serious lung injury. 

Hemothorax, in addition to being the most common complication in 
this series, is also one of the most serious. If of pulmonary origin, it is 
rarely of sufficient volume to require intervention,—that is, aspiration, 
induced pneumothorax, or surgery. If there is reason to believe that there 
is an open intercostal or internal mammary vessel or a large pulmonary 
vessel, an operative procedure is indicated, of course, but it is common 
experience that, when blood and air collect within the pleural cavity in 
sufficient quantity to compress the lacerated lung, bleeding will usually be 
controlled. As stated by Findlay, the blood and air act as a splint to the 
injured lung and tend to immobilize the entire side of the chest. In 
treating these cases it is our policy, therefore, not to aspirate unless con- 
siderable respiratory embarrassment occurs. Development of empyema 
later may require surgical intervention. Rapid hemorrhage from the 
intercostal or internal mammary arteries into the pleural cavity may, 
however, exsanguinate the patient or seriously embarrass cardiac and 
pulmonary function. Ligation of these vessels, aided by rib resection, 
may be necessary. It is of interest to note that Kellogg Speed quotes 
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Schiitte as giving a 40 to 60 per cent. mortality in intrathoracic hem- 
orrhage. Many mild cases of hemothorax are undiagnosed by physical 
examination and do not show in the roentgenograms. 

In subcutaneous and intermuscular emphysema there is a tear in the 
parietal pleura, which allows air to escape from the pleural cavity, to 
some extent acts as a safety valve, and quite probably in some cases 
saves the patient from an otherwise certain death. It has even been said 
that the development of such emphysema is of good prognostic import. 
Local pressure and strapping usually suffice to control subcutaneous 
emphysema, although in extensive cases Money has employed aspiration 
of the chest with incisions below each clavicle, and Goodliffe suggests the 
use of a medium-sized cannula, producing partial collapse of the lung. 
He removes the cannula in twelve hours. Multiple incision has likewise 
been used by early writers. 

Mediastinal emphysema, however, is more insidious, is concealed, 
often goes unrecognized, and death is ascribed to that too-loose term, 
“internal injuries”. As the pulmonary tear which causes it is usually a 
ragged one, there is a tendency for the tear to have a valvular action, and, 
as the thoracic wall rises in inspiration, air is sucked out of the lung into 
the pleural cavity, and, as the thoracic wall drops in expiration, the air in 
the pleural cavity squeezes the tear shut. Therefore, each inspiration 
‘auses a further increase in the pneumothorax and, when finally the 
intrapleural pressure reaches approximately the neutral point or zero, 
a forced expiration causes a forcing of air from the opposite lung across 
the bifurcation of the trachea into the injured lung and out through the 
tear into the pleural cavity. In this way the intrapleural pressure may 
be raised considerably above zero. As the pneumothorax increases, 
the intrapleural pressure rises; the mediastinum is proportionately 
pushed toward the uninjured side, and, the farther over it moves, the 
more the uninjured lung becomes compressed until finally the whole pul- 
monary mechanism is unable to maintain an adequate tidal-air exchange, 
and the patient suffocates. This condition is called tension pneumothorax. 

Ballon and Francis, in investigating the consequences of variations 
in mediastinal pressure, found that air could travel great distances and 
take several courses, for example: 

1. Under fascia, costal pleura, and intrathoracic fascia; 

2. To the hilum of the lung and into the mediastinum and even 
over the entire body (the most severe type); 

3. Along the trachea to the floor of the mouth and under the tongue; 

4. Along the sheaths of blood vessels, even dangerously compressing 
the axillary and femoral vessels; 

5. Retroperitoneally, along renal vessels to the kidney. 

It is obvious that air contained within the pleural cavity above a normal 
manometric level will seek an exit through any possible channel, and, if the 
traumatic concussion has caused some tearing in the mediastinal pleura 
as, for example, near the hilum of the lung, the air will work its way into 
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the areolar tissue of the mediastinum with the characteristic roentgeno- 
graphic picture. Under such circumstances air may soon be palpable 
in the lower throat, and Tiegel has advised making an incision there 
through the superficial layer of the deep cervical fascia and placing a 
suction cup over the incision to extract the air, or at least to decompress 
the mediastinum. Even though no tear may exist in the mediastinal 
pleura, air may enter the mediastinum through the pleural tear in the 
periphery of the lung, passing through the pulmonary interstitial tissue 
and through the hilum of the lung into the mediastinum. Baskin has 
called attention to the importance of coughing, which closes the glottis 
and forces in more air. 

The effects of mediastinal emphysema are: 

Stagnation of blood in the lungs; 

A fall in blood pressure ; 

Pulmonary oedema; 

Pericardial effusion; 

Diminished heart action; 

Oedema of the tracheobronchial mucous membrane; 
. Pulmonary emphysema. 

Once mediastinal emphysema has become very extensive, and to it 
are added the usual shock and hemorrhage, it is almost too late for treat- 
ment. The danger should be recognized early and treatment instituted 
to prevent extensive mediastinal emphysema,—that is, to prevent the 
high-tension pneumothorax which precedes it. Keeping this down will 
also prevent suffocation through compression of the uninjured lung. 
When either the roentgenogram or the displacement of the heart indicates 
that there is a pneumothorax present, a needle should be introduced into 
the traumatic pneumothorax space with a regular pneumothorax ap- 
paratus, and the manometric pressures should be determined. If these 
are abnormal, or if either the roentgenogram or the position of the heart 
shows that there is extensive pneumothorax, this air should be aspirated 
by reversing the direction of the flow in the bottles of the pneumothorax 
machine. As much air is aspirated as may be necessary to reestablish 
some such negative intrapleural pressure as minus 7 to minus 9. This 
usually brings the heart back to normal position. Then the patient is 
watched with extreme and constant care for signs of a recurrence of the 
pneumothorax. This is very likely to happen, as the wound in the lung 
is probably still open. Should signs of recurrence develop, the procedure 
described may be repeated. 

If it should be necessary to repeat this more often than every half 
hour or so, or over a long period of time, it is more effective and safer for 
the patient if one provides for constant egress of the air that keeps coming 
into the pleural cavity. Rather than introducing a catheter, which after 
all exposes the pleural cavity to a greater chance of infection than if only 
a needle were used, one should insert a short needle, the bevel of which 
has been filed down so that it is fairly blunt but still sharp enough to 
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penetrate the thoracic wall. To the needle should be attached a long 
rubber tube, which is introduced beneath sterile water in a sterile bottle, 
placed either on the floor or at a level beneath that of the patient. This 
needle and tube system provides “ water-seal drainage”’ of the air, and, 
whenever the pneumothorax pressure becomes sufficiently high, it readily 
escapes through the needle and tube and bubbles out through the water, 
which, in turn, prevents aspiration of air into the chest. 

On rare occasions, it is advisable to do a thoracotomy to relieve ten- 
sion, as advocated by Lilienthal and others, or to perform a wide inter- 
costal thoracotomy in order to sew up a pulmonary tear, which all evi- 
dence indicates is a very extensive one. Actually, thoracic surgeons are 
very conservative about operating in the majority of cases of severe 
thoracic trauma. 

If, to the measures just advanced, one adds prompt treatment of 
shock, the use of an oxygen tent, and, in selected cases of crushed chests, 
the application of hook traction to the sternum as advocated by Jones 
and Richardson, it is certain that many borderline cases will be saved. 

Technique: Under local anaesthesia, two incisions, one centimeter 
long, are made just lateral and at right angles to the border of the sternum 
at the level of the third interspace, exposing the edges of the sternum. 
The sternum is grasped with cervical forceps. Hooks are inserted, and 
the foreeps are locked. Weights and pulleys, attached to a rainbow 
frame, are used to maintain traction. This is a dangerous procedure, 
because any puncture of the pleura in these desperate cases might be 
fatal. This could occur either at the time of application of the hooks or 
from some slip of the forceps. In an emergency, the skin and subcu- 
taneous tissues could be grasped until the shock period was over. ‘Trac- 
tion on the sternum is suggested only as a means of combating anoxaemia 
due to crushing injuries of the chest, which cause increased mobility 
of the chest wall. Secondarily, through reduction of the anoxaemia, 
diminution of the muscle effort necessary for respiration, and aiding 
venous return to the heart by increasing the negative pressure in the 
great intrathoracic veins, the degree of shock may be lessened.  Al- 
though correction of the deformity may be obtained in this way, traction 
is not suggested for this purpose and should be abandoned as soon as 
pulmonary ventilation becomes sufficient. The considerable deformity 
present at first may be of no permanent importance. The possibility 
of pneumothorax makes this procedure risky. 

Hernia of the lung has been noted occasionally, always with fracture 
of several adjacent ribs, the fragments being so displaced upward and 
downward as to leave a gap through which the lung protrudes. Invagi- 
nation and rib transplantation across the invaded intercostal space are 
recommended for this. 

The most important and perplexing abdominal complication is ileus. 
This symptom usually develops twenty-four hours or more after the in- 
jury and raises the question of an intra-abdominal associated lesion. It 
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TABLE V 
ASSOCIATED INJURIES 


Injuries No. of Cases 


Cerebral concussion. ............. 


173 


— 


TABLE VI 
ANALYsIS OF DEATHS 


| 

| | | 


Days after Injury 


Cause of Death pment = 


Multiple injuries 7 4 1 | | ee 
Fracture of skull 5 1 | 

Ruptured spleen 1 | 
Bronchopneumonia 
Ruptured intestine 
Myocardial failure 1 
Mediastinal emphysema 1 
Pulmonary oedema 1 
Lung abscess 


Total 13 5 6 1 1 1 1 
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alone has been severe enough to cause death with autopsy findings nega- 
tive except for the fractured ribs. Adams reported two cases; Ralphs 
and Christopher each described single cases with the preoperative diag- 
nosis of intestinal obstruction; and Vandel recorded a case under the 
diagnosis of mesenteric thrombosis, perforation of the intestine, and rup- 
ture of the diaphragm. Two of these cases resulted fatally. Naz’s 
‘ase was caused by compression of the celiac plexus by a post-traumatic 
hematoma, but the autopsy also showed emphysema along the left side 
of the vertebral column, infiltrating the sympathetics. Irritation of the 
great splanchnic nerve, which arises from the sixth to the tenth thoracic 
ganglia near the head of the ribs, is the generally ascribed cause of this 
condition. Since any retention of gas or faeces favors ileus, attention to 
bowel stasis is ¢mperative in the treatment of rib fractures. Prostigmin 
and spinal anaesthesia have their advocates. 


ASSOCIATED INJURIES 


Table V is an analysis of the injuries associated with the fractures of 
the ribs. It will be noted that cerebral concussion is the most common 
serious injury, while the clavicle is the bone most frequently fractured. 

Table VI gives in a rough way an analysis of the cause of death in 
the twenty-nine fatal cases. 
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AN OPERATIVE PROCEDURE FOR THE TREATMENT OF 
HAMMER-TOE AND CLAW-TOE 


BY R. G. TAYLOR, M.CH., F.R.C.S., SHEFFIELD, ENGLAND 
From the Royal Infirmary, Sheffield 


Having from time to time experienced considerable difficulty in 
obtaining a good result from the Higgs or the Jones operation for hammer- 
toe, the author was led to devise an operative procedure, which has proved 
to be both simple to perform and uniformly successful as regards results. 

In order to obtain a successful result from an operation on a hammer 
toe, it is necessary that: 

1. The flexion contracture of the proximal interphalangeal joint 
be overcome. This can be done by an arthrodesis of this joint in good 
position. 

2. The fixation of the arthrodesed bones be maintained until bony 
union has occurred. 

3. The toe be plantar flexed at the metatarsophalangeal joint. 
This position can be obtained by tenotomizing the taut distended tendons 
and by maintaining the toe in the plantar-flexed position by means of 
adhesive strapping for three weeks. 

Considerable difficulty was experienced with the Higgs operation for 
hammer-toe for the following 
reasons: ‘‘When shaping the 
proximal phalanx as a spike 
it often crumbles and becomes 
shortened. Even when the 
spike was formed considerable 
difficulty was experienced in 
forcing the spiked end of the 


Fig. 1-A Fig. 1-B 
Dorsoplantar and lateral views, showing Kirschner wire in position. 
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proximal phalanx into the base of the second phalanx, as it became 
fragmented. In this way the arthrodesed surfaces came into very un- 
stable apposition. Moreover the toe becomes considerably shortened, 
thus pre-disposing to or aggravating hallux valgus if it already exists.” 

The objection to the Jones operation is that it is difficult to maintain 
the two arthrodesed ends of the phalanges in good position, until union 
has taken place. 

The following operative procedure was devised to obviate these 
objections,—that is, to prevent shortening of the toe, to immobilize the 
arthrodesed ends of the bone, to maintain the arthrodesed ends in position 
until bony union has occurred, and to maintain the whole toe in good 
position until the deformity is overcome. 

Under general or local anaesthesia, the usual dorsal elliptical or, 
preferably, longitudinal incision is made. The dorsal expansion of the 
extensor tendons is exposed and divided longitudinally over the proximal 
interphalangeal joint. The divided edges are held aside, and the proximal 
interphalangeal-joint surfaces are arthrodesed with a narrow chisel. As 
little bone as possible is removed. All the cartilage should be carefully 
excised. The toe is then straightened into a position almost vertical to 
the dorsum of the foot. It will be found that in this position the toe 
becomes straight, the plantar-flexed distal part of the toe having been 
dorsiflexed into alignment with the dorsiflexed proximal portion of the toe. 
A thin Kirschner wire is then introduced into the long axis of the toe, and 
the three phalanges are threaded along the Kirschner wire, like a row of 
beads along a piece of wire. The direction taken by the wire can be 
sasily controlled by opening up the arthrodesed joint when the point of 
the wire appears on the arthrodesed surface of the second phalanx. By 
previous measurement of the wire against the toe, excessive penetration 
of the wire into the head of the metatarsal can be prevented. The 
phalanges having been fixed by the Kirschner wire, the wound is closed by 
a few silkworm-gut sutures. It will be found that the Kirschner wire 
holds the toe as rigid as a rod. The long and short extensors of the toe 
are then tenotomized. The straightened toe can be easily plantar flexed 
at the metatarsophalangeal joint and held in this position by means of 
adhesive strapping. The wire is cut off almost flush with the distal end 
of the toe, about one-eighth of an inch being left projecting. The pro- 
jecting end is then surrounded by some gauze dressing. This immobiliza- 
tion is continued for three weeks, at the end of which the wire and strap- 
ping are removed. The patient can walk in three days. 

The author has used this operative procedure in at least twelve cases 
during the last eighteen months, and so far the results are excellent. 

The author is greatly indebted to his chief, Mr. F. W. Holdsworth, for allowing him 
both to carry out this work and to publish this report. 
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PSEU DOFRACTURES 
A MANIFESTATION OF NON-SUPPURATIVE OSTEOMYELITIS 


BY JAMES B. WEAVER, M.D., AND C. B. FRANCISCO, M.D., 
KANSAS CITY, MISSOURI 


From the Department of Orthopaedic Surgery, The University 
of Kansas Hospitals 


Roberts and Vogt! have recently reported twelve cases of a new clini- 
cal entity to which they have given the name of pseudofracture of the 
tibia. This condition is described as a lesion always occurring in the 
upper third of one or both tibiae and characterized in the roentgenogram 
by a localized area of periosteal thickening and new-bone formation over 
what appears to be an incomplete V-shaped fracture of the cortex. The 
patients were children from four to sixteen years of age, with no signifi- 
cant history of injury, but with a history of some type of previous infec- 
tion in three instances. The symptoms consisted of mild to moderate 
pain and tenderness, and healing tended to be spontaneous. 

The following three cases observed by the authors illustrate that 
this condition is not confined to children and that bones other than the 
tibia may be affected, and add some evidence as to the etiology. 


Case 1. A boy, twelve vears of age, was admitted to the Hospital on February 
28, 1936. In the fall of 1933, he had sustained a fall in which the right knee was in- 
jured. A “carbuncle” immediately 
developed on the injured knee, and 
the patient was confined to bed for 
five weeks. Complete recovery en- 
| sued. In the fall of 1934, the boy had 
been active in athletics, and a ‘“‘Char- 
ley-horse’’ developed below the right 
knee. He was “‘treated”’ by his coach 
and apparently recovered. In _ the 
fall of 1935, the patient’s father had 
noticed the boy limping, and inquiry 
elicited the fact that pain and soreness 
were present below the right knee. 
These symptoms persisted in varying 
degree, and were present when the pa- 
tient was admitted to the Hospital, 
but they had never been so severe as 
to cause him to remain in bed. 

Physical examination revealed a 
tender area just below the right tibial 
tubercle, apparently with some en- 
largement and roughening of the tibia 
in this area. The patient’s tempera- 
Fic, 1-A ture rose to between 99 and 100 de- 

Case 1. Right tibia before operation. grees Fahrenheit each afternoon. 
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The laboratory reported that the Wassermann and Kahn tests were negative. 
The leukocyte count was 7,800; the erythrocyte count was 5,200,000; and the hemoglobin 
was 80 per cent. The titer of staphylococcus antitoxin was zero. 

The roentgenologist made the following report: ‘‘ Approximately four inches below 
the upper epiphyseal line of the right tibia we see a zone of sclerosis extending transversely 
across the shaft. On all sides of the tibia adjacent to this zone there is heavy periosteal 
new bone. We are aware of the patient’s history. Regardless of this, reentgenographi- 
cally, the picture is that of an incomplete fracture which has healed.”’ (See Figure 
1-A.) 

An exploratory operation was done on March 3, 1936. A section of bone was re- 
moved from the affected area. No pus was encountered. Cultures were taken from the 
bone marrow, but failed to produce a growth. 

The pathologist reported: ‘‘ Histological section shows irregular trabeculae of bone 
which are comparatively normal. The bone marrow shows fibrillar connective tissue, 
and mononuclear leukocytes are scattered throughout. In some places the bone tissue is 
hyperplastic. Diagnosis: Chronic osteomyelitis.”’ 

The wound healed per primam, and the patient was dismissed on March 7, 1936. 
On December 5, 1936, he returned to the Hospital. He had had no symptoms in the 
right leg since leaving the Hospital, but for four weeks he had had pain in the upper left 
tibia. 

The laboratory report was essentially the same as on the first admission. 

The roentgenologist reported: ‘‘The upper left tibia shows an area of bone absorp- 
tion, poorly circumscribed, showing on its superior aspect a moth-eaten area, with ex- 
tensive adjacent periostitis [Fig. 1-B]. The picture is definitely that of a localized in- 
fectious process. We must now consider the pathology described in the right tibia nine 
months ago to be of the same origin although a roentgenogram shows no residue at present.”’ 

An exploratory operation was done on December 8, 1936. An area of bone necrosis 


1-B 


Case 1. Both tibiae nine months after Fig. 1-A. The left shows a beginning 
pseudofracture line and a small area of bone necrosis. The right is healed. 
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was found, but pus-was not encountered. Cultures taken from the bone marrow later 
proved to be negative for growth. 
The pathologist again made a diagnosis of chronic osteomyelitis from the histological 


picture. 
The patient’s recovery was uneventful with immediate relief from symptoms. 


Case 2. A man, twenty-three years old, was admitted to the Hospital on April 21, 
1938. In the fall of 1933 this patient had been kicked below the left knee in a football 
game and had sustained a laceration. This had become infected and had drained several 
weeks before healing. No further difficulty had been experienced until January 1938, 
when the patient began to have dull pain below the left knee. Swelling and tenderness 
were present in this area, but the patient remained ambulatory. The symptoms had 
progressively subsided for one month previous to admission. 

The laboratory reported that the Wassermann and Kahn tests were negative. The 
leukocyte count was 7,100; the erythrocyte count was 4,850,000; and the hemoglobin was 
82 percent. The titer of staphylococcus antitoxin was zero. 

The roentgenologist reported: ‘‘We demonstrate what is considered to be the residue 
of an old fracture in the upper third of the tibia. There is bone proliferation along a 
barely discernible fracture line and cortical new-bone formation on the posterior aspect 
of the tibia in the area of the fracture, which has healed perfectly.”’ (See Figure 2.) 

Since this patient’s symptoms were subsiding, he was dismissed. Six months later 
he reported that he had been symptom-free for three months. 


Case 3. A male, twenty-two years old, a college student, was seen as an out-patient 
on December 12, 1938. He complained of pain and tenderness over the right lateral 
malleolus of two weeks’ duration from no known cause. This patient was a candidate for 
the track team and had been running regularly all fall. 

Examination showed swelling and tenderness over the right lateral malleolus. A 
roentgenogram (Fig. 3-A) 
was reported as negative. 

Hot packs were ap- 
plied to the ankle, with 
little relief. The patient 
continued in school, but 
ceased track work. A 
second roentgenogram 
(Fig. 3-B) was taken on 
January 20, 1939, and the 
roentgenologist reported 
as follows: ‘‘ There is evi- 
dence of an old fracture 
approximately three cen- 
timeters from the lower 
end of the right fibula, 
which has healed with ex- 
cess callus. A previous 
plate was reported nega- 
tive for injury. In look- 
ing back at the old plate 
we still cannot discern a 
fracture line.”’ 

The patient remained 
ambulatory, and symp- 
toms entirely subsided 
about April 1, 1939. On 
May 15, 1939, the patient 


_ Case 2. Left tibia, showing a barely discernible fracture 
line and cortical new-bone formation. 
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Fig. 3-A 


Case 3. Right ankle on December 13, 1938, two weeks after first complaint. 
This roentgenogram was reported as negative. 


3-B 3-C 
Case 3. Right ankle on January 20, Case 3. Right ankle on March 
1939, showing pseudofracture of lower — 7, 1939. 


fibula. 
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Fia. 3-D 
Case 3. Left knee on May 15, 1939, showing pseudofracture of upper fibula. 


Fia. 3-E 


Case 3. Roentgenograms on May 31, 1939. 
Right ankle: Healed pseudofracture of lower fibula. 
Left knee: Pseudofracture of upper fibula. 
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again reported with pain over the head of the left fibula of one month’s duration. 
Oedema and tenderness were present over this area. Roentgenograms (Fig. 3-D) were 
taken, and the report was as follows: ‘There is periostitis with a pseudo fracture line, 
indicative of a peculiar type of osteomyelitis at the upper end of the left fibula. This is 
undoubtedly the same type of pathology previously described in the lower end of the 


other fibula.” 
This patient gave no history of infection with the exception of frequent attacks of 


sore throat and the “‘flu”’. 


Since the history, physical findings, and progress of these interesting 
lesions in no way conflict with a definite histological picture of infection, 
the authors are personally convinced that the so-called pseudofractures of 
Roberts and Vogt are a type of non-suppurative osteomyelitis. The 
roentgenogram of the second lesion in Case 1 also lends credence to this 
view. 

A causative organism was not found. However, the fact that in two 
of these cases no staphylococcus antitoxin was found in the blood is some 
evidence, but not proof, that the staphylococcus is not at fault. 

The authors’ very limited experience would indicate that decom- 
pression of the affected bone promotes more rapid healing and prompt 
alleviation of symptoms. 


1. Roperts, 8. M., ANp Voart, E. C.: Pseudofracture of the Tibia. J. Bone and Joint 
Surg., X XI, 891, Oct. 1939. 
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A METHOD OF FIXATION FOR FRACTURE 
OF THE CLAVICLE* 


BY GORDON MURRAY, M.B., F.R.C.S.(ENG.), TORONTO, ONTARIO, CANADA 
From the Toronto General Hospital 


The numerous methods of fixation for fracture of the clavicle have 
been ineffective in our hands in many cases. Most of the methods 
described will hold a fractured clavicle in moderately good position when 
the splints or supports are applied tightly enough. However, the pressure 
necessary to hold the fragments in good position is frequently too great, 
with the result that the pain and discomfort are so intense that the patient 
either removes the bandages and supports or demands their removal. 
In spite of this, practically all fractures of the clavicle unite, even though 
the fragments are not in good anatomical position, and the functional 
results are good. The cosmetic and anatomical results frequently, how- 
ever, are very disappointing, especially in women. Even in men, the 
depressed shoulder with the shortened clavicle is not a desirable end result. 

Considering these points, an effort was made to improve the treat- 
ment of fracture of the clavicle. In books on anatomy it is indicated that 
the clavicle has a cortical shell, but its interior is not very well described. 
In order to learn more about this, the author divided the clavicle in 
longitudinal, oblique, and transverse directions and examined its structure. 
The cortical shell was found to be thickest at the middle third of the bone 
and to remain as a strong cylinder except for the medial half inch and the 
lateral inch. At these points, the shell became thinner, and, finally, the 
circumference at both ends was represented by an extremely thin plate 
of bone on the surface (Fig. 1). The interior of this cortical shell was 
filled with light cancellous bone with some lamellae running longitudinally 
and others crossing obliquely. These trabeculae were attached to the 
cortex by minute cone-shaped tubercles. The depressions between 
these tubercles were large enough, so that the point of a sharp instrument 
passing down the lumen might catch in one of them, which might prevent 
its passage onward. The general shape of the cortex of the bone, therefore, 
was a strong, moderately curved, central cylinder, which had a fairly large 
funnel-shaped medial end and a more flattened funnel at the lateral end. 

The author was impressed with the possibility that, if a moderately 
flexible steel wire were started through the thin funnel-shaped cortex at 
either end, it might be directed into the central cylindrical part, and that 
this shell of bone might guide it around the curves through the length of 
the lumen. If this hypothesis were true, and if a fracture of the clavicle 
were accurately reduced, a wire passed in this fashion might give adequate 
internal fixation of the fragments. During many trials on cadavera, 
when a wire was passed through the thin cortex at the inner or outer end 

* Received for publication on February 29, 1940. 


616 THE JOURNAL OF BONE AND JOINT SURGERY 


Uy j 
+ 
4 


FIXATION FOR FRACTURE OF THE CLAVICLE 617 


of the shell and directed toward the central part, it was guided by the 
funnel-shaped end into the central cylinder. On reaching this, it fol- 
lowed the curves and stayed within the cortical shell until it reached some 
point fairly near the opposite end. As most fractures of the clavicle with 
displacements occur somewhere in the central half of the bone, it was 
thought that this form of fixation might apply to most of them. 

The question arose as to whether a thin wire that would follow the 
lumen would give ade- 
quate fixation of the 
fragments. If there 
was much lateral stress 
on the clavicle, such 
as might be required 
to hold up the shoul- 
der, according to the 
current theory of the 
function of the clavicle, 
it obviously would 
be inadequate. Sub- 
sequent observations 
demonstrated that 
even the thinnest wire 
that could be passed 
provided sufficient 
fixation, and that there 
was little, if any, lateral 
stress on the wire at 
the fracture site, tend- 
ing to bend it. 

In twenty-nine Fic. 1 


‘ases of fracture of Longitudinal section of the clavicle in horizontal and 
the clavicle, observed _ vertical planes, showing a thick cortical bone in the central 
part, which becomes thinner towards the ends. The 


during the last three lumen is filled with cancellous bone. 


years, there have been 

only three in which the fracture was not comminuted and in which three 
or more fragments could not be identified. Most articles and textbook 
descriptions of this lesion do not mention this. In the previous methods 
of treating this fracture, this point has had little attention. However, 
when one tries to obtain perfect reduction, the presence of a third and 
fourth fragment frequently is quite an obstacle. In several of the author’s 
‘ases a third fragment was found lying transversely between the other two, 
preventing accurate reduction. In one instance a moderately large third 
fragment was discovered pressing on the deeper surface of the skin. 
Under general anaesthesia it was impossible to manipulate this back into 
position ; therefore, to prevent ulceration through the skin, open reduction 
was done. On this occasion the method of internal fixation to be de- 
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Fig. 2 


Roentgenograms showing comminuted fracture of the clavicle with reduction 
and fixation by a Kirschner wire and bony union without deformity. 


scribed was employed quite satisfactorily, and the third fragment was 
replaced in its normal position. 

A few attempts at reduction have been made under local and block 
anaesthesia, but in most cases reduction has been done under general 
anaesthesia. In reducing these fractures, many obstacles have been 
encountered. Even with block-and-tackle traction on the arm it has 
been with the greatest difficulty that an accurate reduction has been 
obtained in some cases. A method of taking lateral roentgenograms of 
the clavicle has been developed; these, together with the anteroposterior 
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view, give better indications of the direction of the fracture, thereby 
enabling more intelligent manipulation. In many of the cases it has been 
possible to place the fragments accurately in normal relationship, but in 
quite a number we have been able to restore only the alignment and length 
and have been unable to obtain perfect reduction. Special clavicle forceps 
with smooth surfaces are used to assist in manipulating the fragments. 
The reduction is not difficult if 
undertaken before much swell- 
ing has occurred; later on it is 
much more difficult to grasp 
and to manipulate the fragments. 
When a satisfactory re- 
duction has been obtained, the 
field is prepared and a quarter- 
inch incision is made over the 
subcutaneous surface, one inch 
from the inner end of the 
clavicle. Through this, a hole, 
a quarter of an inch in diam- 
eter, is drilled in the thin 
cortex. The direction of the 
drill is gradually changed from 
the perpendicular until it 
points toward the central 
cylinder. Through this hole 
a medium-sized Kirschner wire 
is passed. If it is started in 
the right direction, it always 
traverses the central evlinder Showing ability of the patient to abduct the 
‘i arm without pain on the morning following fixa- 
and passes across the fracture — tion of the fragments by a Kirschner wire. 
line into the distal fragment, 
provided the reduction has been satisfactory. Occasionally, in the earlier 
‘ases, considerable difficulty in starting the wire in the right direction was 
experienced; however, with practice it has become quite easy to accom- 
plish this. When the wire crosses the fracture line, the clavicle imme- 
diately becomes stable, and the arm, shoulder, and clavicle can be moved 
about quite freely without any displacement of the fragments. Under the 
fluoroscope, the movements of the shoulder and arm are seen to cause 
slight springing of the wire at the fracture line, but on no occasion has 
the wire failed to retain the fragments in good position. The wire is cut 
short to allow it to disappear beneath the skin, and a small dressing is 
applied over the incision. In some cases the wire has been left protruding 
from the skin, but, because of its oblique course through the clavicle, there 
It was 


Fic. 3 


has always been some pressure on the skin, causing ulceration. 
found to be better, therefore, to place the wire beneath the skin. If for 
some reason it is to be removed later on, this can be done through a very 
small incision under local anaesthesia. This has been done without 
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difficulty on several occasions when the wire has become loosened or has 
pressed on the deeper surface of the skin. 

As soon as the patient is out of the anaesthesia, the arm can be elevated 
through a full range of movements with little discomfort (Fig.3). Noother 
fixation except a sling is required, and the patient is quite comfortable. 

In several cases when a satisfactory reduction of the fracture could 
not be obtained, an open reduction has been done. Through a short 
incision above the clavicle the ends of the fragments are placed in good 
position. The inner end of the outer fragment is then exposed, and a 
Kirschner wire is passed from this surface longitudinally through the 
outer fragment until it pierces the skin at the shoulder. The drill is 
changed to this end of the wire, and, after the ends of the fragments are 
again placed in good position, the wire is passed in the reverse direction, 
so that it crosses the fracture line into the proximal fragment. This has 
held the fragments in ideal position in every case. It is very easy to do; 
it gives adequate fixation; it is much simpler than applying plates, screws, 
or transverse wires through drill holes; and it allows the wire to be removed 
with ease if necessary. 

An incision, a quarter of an inch long, over the fracture, just large 
enough to admit a small curved elevator, has been used to facilitate reduc- 
tion in some of the difficult cases. 

During the past three years twenty-nine cases have been treated by 
thismethod. Ineach case the fragments have united in good position (Fig. 
2). There have been no complications or infections in any of the cases. 

The difficulties of this operation have been discussed, and in the hands 
of careless operators there might be grave dangers. By rough and careless 
manipulation of fragments the subclavian vessels, the brachial plexus, 
and the apex of the pleura and lung might easily be injured. It is im- 
portant also to know that the wire is traveling longitudinally through the 
clavicle. In careless hands it might easily pass posteriorly and injure the 
structures already mentioned. There is a fair margin of safety, however, 
because, with the shoulder drawn forward, which separates the clavicle 
from the region of the first rib, these important structures are fairly well 
away from the position where they might be injured. The subclavius 
muscle with the attachment of the costocoracoid membrane and other 
fascial planes to the deeper surface of the clavicle also provides a safety 
zone, separating the clavicle about half an inch from these structures. 

As in the earlier days of the Smith-Petersen nail, when there were 
many difficulties and dangers which now have been overcome as more 
experience has been gained, so probably in the future the difficulties with 
this form of treatment will be overcome and improvements in this method 
of fixation of the clavicle will be devised. 

It is intended to apply this principle of passing wires longitudinally 
through the lumen to fractures of other long bones. Those bones with a nar- 
row medullary cavity, like the radius, the ulna, and the fibula, would seem 
more suitable than those with a larger cavity, such asthe femurand the tibia. 
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PHOTO-ELASTIC STUDIES OF BONE FORMS* 


BY HENRY MILCH, M.D., F.A.C.8S., NEW YORK, N. Y. 


Attending Orthopaedic Surgeon, Riverside Hospital 


Recent years have witnessed wide application of the principles of 
photo-elastic analysis to the problems of modern engineering. When this 
‘ame to the attention of the writer, a natural curiosity as to the value of 
the method in orthopaedic problems was aroused. Though this investiga- 
tion seemed to be original, further search revealed the fact that a tenta- 
tive suggestion for such a study of bone stresses had previously been made 
by Alexander'. An effort to discover the results of any such work has been 
fruitless. 

Briefly, photo-elastic analysis depends upon the fact that the poly- 
merized phenyl formaldehyde resins become birefringent under stress. 
During this period they acquire some of the properties of “temporary 
erystals’’, in which the molecular structure is reoriented along the lines of 
stress. These lines of stress are visualized under polarized light. If white 
light is used, the stress pattern presents a fascinating display of the colors 
of the spectrum, which, when photographed, appear as alternating bands 
of light and shadow. The use of monochromatic light does not alter the 
stress pattern, either qualitatively or quantitatively. 

Though these birefringent resins do not even closely resemble steel, 
engineers have found that the stress patterns in one are closely related to 
those in the other substance. Resinous models of the object to be studied 
have been made and stressed. By an appropriate technique, these stress 
lines have been calibrated and a complete mathematical statement of the 
actual internal stresses of the original object have been determined. This 
has been done experimentally in engineering problems, which are so 
complicated that even theoretical calculation of the stresses has been 
found impossible. Up to the present, the method has had the serious 
drawback of permitting only two-dimensional studies. Recently, how- 
ever, Hetenyi ? discovered that the stress pattern could be “frozen” by 
heating and then slowly cooling the model. He has shown that the 
surface model presented the same stress pattern as the sectioned three- 
dimensional model. Not only did this permit more leisurely analysis 
of the surface design, but it also permitted study of the internal stresses, 
so as to give a three-dimensional concept of the effect of the applied 
force. 

By analogy it seemed reasonable to inquire whether the same method 
might not be applied to the study of bone stresses. It was recognized at 
the outset that the difficulties to be encountered might be even greater 
than those met within technological problems. In the first place, bone is a 

*Submitted for publication on December 23, 1939. 
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biological structure composed of different tissues and does not present a 
homogeneous crystalline material, whose physical properties can be de- 
termined as for other materials. In the second place, the physical proper- 
ties of any given bone may be expected to vary from time to time under a 
variety of undeterminable biological conditions. In the third place, the 
shape of the bone must be considered to be the result of a series of forces 
acting in different combinations and under varying conditions of mechan- 
ical efficiency. 

On the other hand, some mitigation in the complexity of the problem 
was found in the fact that from its biological behavior in response to stress, 
the internal structure of the bone could be accepted as indicating the 
resultant of the forces under which it had developed. It was felt that, if a 
sufficiently constant and similar stress pattern could be demonstrated in 
bone models, some conclusions might be drawn as to the relationship be- 
tween bone configuration and the applied forces. Necessarily the deter- 
mination of actual stress values would depend upon the development of a 
formula for correlating the stress pattern of the model with the internal 
anatomy of the bone. Because of the present lack of any such data, only 
rough general impressions can be noted. Yet even these seem to suggest 
that the method may hold some promise in the study of bone reaction to 
normal or abnormal stress. Particularly if pursued in a quantitative 
manner, photo-elastic analysis may throw some light on the normal archi- 
tecture of the osseous system and may serve to explain or forecast the effect 
of surgical modifications of the osseous structures. 

In general, it may be noted that bones are subject to two main types 
of forces: (1) a gravitational force, due to the superimposed body weight, 
and (2) a muscular force, exerted by the surrounding and attached 
muscles. Study of the latter force is extremely complicated, because of 
the facts that it is impossible to estimate the actual power of any given 
muscle and that at any moment each muscle may have totally different 
components, as a result of changing position. Preliminary observations 
on the effect of tension on the plastic model indicate that a distortion of 
the stress pattern may be accomplished by this means. But whether or 
not this method will suffice for the analysis of the effect of muscle pull on 
bone must be determined by other studies. 

Up to the present, only a few observations on the effect of compressive 
forces have been made. They are presented not with any feeling of 
finality, but in the hope that they may spur others on to evaluate this 
principle of study. For purposes of economy, the older, two-dimensional- 
surface method was employed. Flat plates of catalin, three-eighths of an 
inch thick, were used. At a later date it is hoped to make three-dimen- 
sional-seale models, so as to avoid the possibility of a stress distortion, 
due to bending of the model. Though it cannot be definitely excluded, 
the effect of bending does not appear to have had any important part in 
the production of the stress patterns. 

Instead of using Nicol prisms, the less expensive polaroid was 
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Fic, 1 
Stress pattern of the upper end of the femur. 
Note the longitudinal arrangements of the 
stress lines, with interruption near the site of 
the epiphyseal lines of the neck and the 
greater trochanter. 


mounted in frames and served the 
purpose of polarizing the light rays. 
Models of a normal femur, an osteoto- 
mized femur, an os calcis, and a whole 
foot were made in catalin, from roent- 
genographic outlines. After being 
annealed, these forms were subjected 
to tensile and to compressive forces in 
a simple apparatus designed by Mr. 
Jerome Gross. 

When the outline of the normal 
femur was compressed, several inter- 
esting phenomena were observed (Fig. 
1). In the first place, the arrange- 
ment of the lines of stress was found 
to be markedly reminiscent of the 
trabecular structure seen on longitudi- 
nal section of the femur. When the 
model was tilted first to one side and 


Fia. | 


then the other, so as to simulate the conditions of adduction and abdue- 
tion, under weight-bearing, these stress lines shifted so as to resemble 
first one and then the other of the longitudinal trabecular systems. The 


curvature of these longitudinal 
stress lines varied somewhat 
with the length of the model 
used, the longer models giving 
the better representation. In 
the second place, the stress 
lines seemed to run between the 
two points of compression and 
did not seem to radiate into the 
trochanteric region to any ex- 
tent. The greater number of 
stress lines appeared to be on 
the medial side of the shaft, 
toward the line of the mechani- 
cal axis of the normal femur. 


Fig. 2 


The stress pattern of a femoral model 
under compression and under tension 
at the sites of muscular attachments. 
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In the third place, the stress 
lines seemed to stop in an 
area which was_ situated 
close to the normal epiphy- 
seal zone. This stress pat- 
tern was repeatedly repro- 
duced. It could be modified 
by adding the element of 
traction to that of compres- 
sion. By means of holes 
drilled through the model, 

Fi. 3 tension wires, torepresent the 
The stress pattern of the os calcis, when the trochanteric muscles, were 


outline of the standing foot was compressed at the attached and made taut bv 
upper surface of the astragalus. 
traction screws. re- 


sulting distortion in the stress pattern is clearly seen (Fig. 2). 

To determine whether these were purely fortuitous occurrences, other 
bone forms were examined. A model of the heel bone was prepared and 
stressed in the usual manner, except that, instead of a two-point, a three- 
point application of the force to simulate normal weight-bearing was 
employed. Here, as in the case of the upper end of the femur, a note- 
worthy resemblance of the stress lines to the normal trabecular struc- 
ture of the os calcis was found (Fig. 3). In addition to the interesting 


4 Fia. 5 
Model of a Lorenz bifurcation, with Model of a Lorenz bifurcation, with 
weight on the apex of the distal portion. | weight on the femoral head. 
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stress lines, a specially heavy shadow 
was found at the back of the os 
‘aleis, situated in the region and in 
the direction of the normal epiphyseal 
line. 

The close resemblance between 
the observed lines of stress and the 
known trabecular arrangement of 
normal bone naturally suggested the 
possibility of studying changes in bone 
form. It is common knowledge that, 
in growing bone, accidental changes 
in the axial alignment cannot be ex- 
pected to persist as in adult bone. In 
some instances, such as the spontane- 
ous correction of bow legs or the 
rectification of malaligned fractures, 
this tendency is benevolent. In other 
changes, such as occur after any of the 
various osteotomies, this tendency 
may be extremely disturbing. In a 
general way this has been recognized 
as a growth response to altered stresses, 
but no more detailed explanation has Fic. 6 


heen offered. Stress pattern of an osteotomized 

However, photo-elastic studies femur (Schanz type). 
seem to offer objective data on this 
question. A model of a Lorenz bifurcation was made and stressed, first 
at the upper end of the distal fragment and then directly over the femoral 
head. In the former instance the stress lines were located mainly along 
the medial aspect of the femoral shaft (Fig. 4). In the latter instance 
the stress lines shifted mainly toward the outer aspect of the bone, in 
the direction in which the mechanical axis of the femur had been displaced 
(Fig. 5). An almost identical situation was noted when a model outlined 
from a roentgenogram showing a Schanz osteotomy was stressed under 
identical circumstances (Fig. 6). Though the general longitudinal arrange- 
ment consistent with a two-point application of force persisted, the ma- 
jority of the stress lines were located along the lateral border of the femur. 
The area at the base of the trochanter showed typical stress lines, while 
the region of the lesser trochanter showed few, if any, signs of stress 
orientations. 

This seemed to indicate the importance of the concept of the me- 
chanical as compared with the anatomical axis of the bone. It tended to 
explain the deposition of bone on its concave side. In those cases in 
which the mechanical axis lies outside of the anatomical axis, there is a 
shifting of the stress to the outer side. In consequence, bone is laid 
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down along this surface and the femur tends to be converted back to a 
straight line. When the mechanical axis lies medially, the same process 
takes place, and may be recognized by the thickness of the inferior border 
of the femoral neck along Adam’s bow. Indeed, it is only the concomitant 
increase in length of the femoral neck which prevents the conversion of the 
femur into a straight rod. In other words, if it can be assumed that the 
lines of stress seen in the model do or can be made to represent the actual 
loading conditions of a bone, the photo-elastic appearance of those lines 
present experimental confirmation of both Roux’s and Wolff’s laws of bone 
growth and transformation. 

It is hardly necessary or at all possible to indicate the variety of 
clinical and theoretical problems which may be submitted to analysis 
by this method. The experience of the engineering profession indicates 
quite clearly that by means of calibrated instruments and a technical 
knowledge far beyond the writer’s capacities, a complete and accurate 
quantitative estimation of internal stress can be obtained. 

However, even the qualitative observations here reported may be of 
value in indicating the power of the method in the approach to bio- 
mechanical problems. They seem to present an experimental means of 
studying the relationship between the form and the function of osseous 
structures. They indicate that, from a study of the stress pattern, some 
light may be cast upon the significance of various forces in determining the 
configuration of the bone. They show how and why the surgical modifi- 
cation of the form of a bone, and particularly of growing bone, undergoes a 
secondary change in response to the new stresses. They suggest that with 
fuller knowledge the ultimate form of the osteotomy may be made to 
occur along predetermined lines of stress. 
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“DORSAL BUNION”: ITS MECHANICS AND OPERATIVE 
CORRECTION * 


BY PAUL W. LAPIDUS, M.D., F.A.C.8., NEW YORK, N. Y. 


Adjunet Attending Orthopaedic Surgeon, Hospital for Joint Diseases, + New York; Associate 
Attending Orthopaedic Surgeon, Trinity Hospital, Brooklyn 


“Dorsal bunion” is the term suggested for a pathological condition 
of the big toe, consisting of a plantar-flexion contracture at the metatarso- 
phalangeal joint with a more or less pronounced dorsiflexion contracture 
of the first metatarsal at the cuneiform joint. 

The “bunion”’ in the majority of cases is caused by dorsal protrusion 
of the head of the first metatarsal as a result of the dorsiflexed position 
of this bone. The writer wishes to give especial emphasis to the latter 
component of this deformity, as the faulty position of the first metatarsal 
is frequently overlooked in spite of the fact that it plays an important 
part in the deformity and in its correction. That is why simple removal 
of the dorsal exostosis, or resection of the basal phalanx (Davies-Colley, 
Keller, Brandes) recommended by Hohmann, or any other operative pro- 
cedure without correction of the 
faulty position of the first meta- 
tarsal usually results in a prompt 
recurrence of the deformity. 

With the exception of Hoh- 
mann’s classic book, “Fuss und 
Bein”, the author has been un- 
able to find any satisfactory 
description of this deformity in 
the literature. In the second 
edition of his book, Hohmann 
discusses what he calls ‘‘ Ham- 
merzehen-Plattfuss’’ (hammer- 
toe-flat-foot). His suggestions 
as far as the treatment is con- 
cerned are rather vague. 

The hammer-toe defortnity 
of the big toe, or hallux malleus, 
consisting of a dorsiflexion con- 
tracture at the metatarsophalati- Fia. 1 
geal joint with a plantar-flexion Feet of a man, twenty-one years old, with 
contracture at the interphalan- multiple hammer toes and hallux malleus. 
see : : Note the heavy callosity over the knuckle of 
geal joint, is exactly the opposite — each big toe. ~ 


* Received for publication on October 24, 1939. 
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deformity of dorsal bunion and should not be confused with it 
(Fig. 1). 
ETIOLOGY 


Dorsal bunions may be divided etiologically into four groups accord- 
ing to the type of associated deformity: 

1. In cases of hallux rigidus; 

2. In paralytic deformities of the foot (flaccid and spastic) ; 

3. In congenital club-foot ; 

4. In severe congenital talipes planovalgus. 


In Hallux Rigidus 

Usually there is restriction or even complete loss of dorsiflexion of 
the basal phalanx, due to shrinking of the plantar part of the joint capsule 
and also because of incongruity of the articular surfaces. Often there is 
pronounced production of bone on the dorsum of the head of the first 
metatarsal, causing bone block. 

In the more advanced cases (Fig. 2) actual dorsiflexion of the first 
metatarsal takes place in the following manner: 

Dorsiflexion of the big toe is painful, and, therefore, the patient 
subconsciously keeps the big toe in plantar flexion at the metatarso- 
phalangeal joint. He also holds the forefoot in slight supination, in 
order to avoid weight-bearing on the ball of the big toe. In time a 
fixed plantar-flexion contracture of the big toe develops. The normal 
medial weight-bearing point beneath the sesamoids of the first metatarsal 
is now shifted forward to the plantar aspect of the interphalangeal joint. 
A heavy callosity is often noted beneath the latter joint, while the skin 
of the ball of the big 
toe becomes unusu- 
ally soft. The proxi- 
mal phalanx of the 
big toe loses its nor- 
mal horizontal po- 
sition; its head is 
pushed against the 
ground, while its base 
is elevated. The im- 
pact of the ground 
against the plantar- 
flexed basal phalanx 
is transmitted to the 
head of the first meta- 


Fia. 2 tarsal, tending to dis- 


Dorsal bunions in a case of bilateral hallux rigidus in a place this head dor- 
man, twenty-seven years old. Considerable plantar- 
flexion contracture at the first metatarsophalangeal joint sally. Moreover, the 


metatarsal, so that the ball of the big toe does not touch ‘ 
the ground. tion of the supinators 
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of the foot (mainly the tibialis anterior) contributes further toward 
dorsal displacement of the first metatarsal. 


In Paralytic Deformities of the Foot (Flaccid and Spastic) 

The paralytic dorsal bunion may be caused by at least three differ- 
ent combinations of paralyzed muscles: 

1. Weakness of the peronet with a strong tibialis anterior and strong 
flexors of the big toe: Because of the varus position in these cases, the fore- 
foot is deprived of its medial weight-bearing point beneath the sesamoids 
of the big toe. Furthermore, a strong tibialis anterior brings the first 
metatarsal into dorsiflexion, particularly since it is not opposed by the 
action of the peroneus longus, which is a plantar flexor of the first meta- 
tarsal. In an attempt to create a new medial weight-bearing point, 
the patient bends the big toe downward, using its strong flexors. Thus 
favorable conditions for dorsal-bunion formation are created. 

The author has observed several cases where a dorsal bunion was 
formed following transplantation of the peroneus longus by the intra- 
sheath method (Mayer) into the tendon of the paralyzed tibialis anterior 
(Figs. 3-A and 3-B). The transplanted tendon of the peroneus longus 
became overactive, causing supination of the forefoot and dorsiflexion 
of the first metatarsal, with development of a dorsal bunion. 

Dorsal-bunion formation in cases of 
spastic paralysis with overactive supinators 
of the foot and flexors of the big toe, as shown 
in Figure 4-A, needs no further comment. 


Fig. 3-A Fic. 3-B 
Calcaneus deformity following anterior poliomyelitis in a boy, sixteen years old. 
Transplantation of the peroneus longus into the tibialis anterior had been per- 
formed elsewhere several years before this photograph was taken. A dorsal bunion 
formed as a result of overactivity of the transplanted peroneus longus, which at 
operation was found to be considerably hypertrophied. 


VOL. XXII, NO. 3, JULY 1940 


| 
4 
— 


630 P. W. LAPIDUS 


2. Weak dorsiflexors of the foot and toes with strong plantar flexors 
of the big toe and strong calf muscles: In these cases the plantar flexors 
of the big toe prevail, being unopposed by the dorsiflexors. The big toe 
gradually forms a plantar-flexion contracture at the metatarsophalangeal 
joint. The base of the proximal phalanx subluxates plantarward under 
the head of the first metatarsal and pushes the latter dorsally, causing 
dorsiflexion of the first metatarsal, and a dorsal bunion is formed. 

In this group of cases, the same deformity as in the first group is 
produced, but in a reversed sequence of mechanical forces. In the first 
group, with strong dorsiflexors, the dorsiflexion of the first metatarsal 
develops first, followed by a plantar-flexion contracture of the big toe. 
In the second group, with weak dorsiflexors and strong plantar flexors, 
the plantar-flexion contracture of the big toe is apparently the primary 
deformity with the dorsiflexion of the first metatarsal developing as 
a secondary condition. 

3. Calcaneus deformity with active plantar flexors of the big toe: The 
patient belonging to this group uses the flexor hallucis longus as an ac- 
cessory plantar flexor of the foot. At the same time, a plantar-flexion 
contracture of the big toe is produced, and this may lead to dorsal-bunion 
formation, as already outlined. 


Fic. 4-A 


Left dorsal bunion in a boy, twelve years old, with spastic paralysis. The left 
gastrocnemius, tibialis anterior, and flexors of the big toe were overactive. Note the 
prominence of the tendon of the left tibialis anterior. Considerable dorsiflexion of 
the first metatarsal was present. (Private case of Dr. M.S. Burman, who performed 
the operation with the author’s assistance. The author is indebted to Dr. Burman 
for his permission to use this case.) 
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Variable combinations of these three major types of muscle weakness 
leading to dorsal-bunion formation may be observed. 


In Congenital Club-F oot 
Mechanical factors responsible for dorsal-bunion formation occa- 


sionally seen in congenital club-foot where the supination of the forefoot 
has not been adequately corrected are similar to those already described 
in cases of paralytic talipes varus. (Fig. 5) 


In Severe Congenital Talipes Planovalgus 

This is rather a rare deformity, probably of congenital nature. The 
main features observed in this type of foot are a short Achilles tendon 
and plantar flexion of the os calcis and the talus, the long axis of the latter 
often approaching a vertical line. The forefoot, on the contrary, is held 
dorsiflexed in the mid-tarsal joints. All of these create a so-called 
“‘rocker-bottom”’ deformity of the sole. On the whole, this type of 
foot bears a close resemblance to the foot of the ape.* 

Furthermore, B6éhm has shown that the foot of a human embryo 


* This resemblance is so striking that Prof. F. Weidenreich, the well-known anato- 
mist and paleontologist, and author of numerous works on comparative anatomy and 
evolution of the foot, at a first glance mistook the lateral roentgenogram of the feet 
shown in Figure 7-B for those of a gorilla. 


Fic. 4-B 


Same case after operation performed on April 19, 1932. The head of the first 
metatarsal now rests on the ground. Flexion of the big toe and the dorsal bunion 
have been entirely corrected. 
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Fig. 5 
Dorsal bunion in inadequately corrected congenital club-foot. Note dorsiflexion 
of the first metatarsal and also of the first cuneiform. Fusion of the caleaneocuboid 
joint is the result of a previous reconstruction operation. 
at the beginning of the third month also possesses many of the features 
noted in congenital flat-foot and in the foot of the ape. 

The author, therefore, believes that the occurrence of congenital flat- 
foot may be explained on the basis of arrest of its embryonal development 
in the early ape-like stage. 

Most probably the dorsal bunion in these cases is a secondary condi- 
tion, developing after the child begins to walk. The author ventures to 
offer the following explanation for dorsal-bunion formation in this group. 

The short Achilles tendon calls for the compensatory overactivity 
of the dorsiflexors of the foot, mainly the tibialis anterior. Contraction 
of the latter muscle gradually leads to dorsiflexion of the first metatarsal. 
Thus, conditions are created which favor formation of the dorsal bunion 
in a manner already outlined. 

The writer has had the opportunity of operating upon only one pa- 
tient belonging to this group (Figs. 7-A through 7-D). 

DESCRIPTION OF THE OPERATION 


In cases of severe dorsal bunion the following operation is offered. 

The operation is performed under a tourniquet applied at the middle 
of the calf. A longitudinal incision is made over the dorsomedial aspect 
of the big-toe joint. The dorsal capsule of the first metatarsophalangeal 
joint is exposed, and a dorsal tongue-shaped flap, with its base attached 
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Composite, somewhat 
schematized drawing of 
the operative technique 
(actually made from the 
roentgenograms of Case 
D. 8.). Not all the steps 
of the operation illustrated 
have been used in each of 
our cases. Shaded area 
over the bones represents 
the wedge resection. 

C: Capsule of the first 
metatarsophalangeal joint, 
shown by heavy black 
line. 

A.T.: Tendon of tibialis 
anterior; A’7T’: its stump, 
after transplantation. 

P.T.: Tendon of tibialis 
posterior, 

F.H.L.: Flexor hallucis 
longus. In Fig. 6-B it is 
shown translocated on the 
dorsum of the foot through 
an oblique channel in the 
shaft of the first metatar- 
sal. 

F’H'L’: Distal stump of 
flexor hallucis longus. Fic. 6-B 


to the basal phalanx, is outlined (Figs. 6-A and 6-B). The joint cavity 
is opened by reflecting this capsular flap distally. Usually a slight dorsal 
projection over the head of the first metatarsal requires shaving off. 

Another incision is made along the dorsomedial border of the fore- 
foot. The first cuneiform-metatarsal joint and, if necessary, the first 
cuneiform-navicular joint are exposed. In some cases (as in congenital 
talipes planovalgus) with an overactive tibialis anterior, the latter is 
detached from its insertion and translocated backward into the tendon 
of the tibialis posterior. Thus its dorsiflexion action upon the first meta- 
tarsal ray is eliminated. Also the leverage of the tendon of the tibialis 
anterior is diminished, due to backward shifting of its insertion nearer to 
the axis of motion in the tibiotalar joint. A wedge-shaped resection with 
a plantar base is then performed at the first cuneiform-metatarsal joint 
and, if necessary, also at the first cuneiform-navicular joint. The width 
of the base should be calculated with precision in each case in order to 
secure close approximation of the resected bone surfaces. 

In some of the author’s cases of dorsal bunion, following anterior 
poliomyelitis, dorsiflexion of the first metatarsal was associated with more 
or less marked metatarsus varus primus and hallux valgus. This addi- 
tional deformity can be simultaneously corrected according to the tech- 
nique described by the author in 1934. 

The flexor hallucis longus tendon is then severed from its insertion 
and is pulled out proximally into the wound over the forefoot. An ob- 
lique channel, running from the proximal plantar aspect to the distal dorsal 
aspect, is drilled in the shaft of the first metatarsal. The end of the flexor 
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Fig. 7-A 


D.S., male, nineteen years old. Anterior and lateral views of severe planovalgus 
deformity, probably of congenital type. Note rocker-bottom deformity of soles, 
with marked dorsal bunions. 


Fig. 7-B 


D. 8. Lateral roentgenograms before operation. There is marked dorsiflexion 
of the first metatarsal with dorsal displacement of the first cuneiform. The head 
and part of the neck of the talus are absent, and there are considerable productive 
osteo-arthritic changes in the talonavicular joint. The talocalcaneal joint appears 
to be ankylosed. The tibia is drawn forward toward the forefoot apparently by the 
overactive tibialis anterior. The os calcis is in slight plantar flexion. Note the 
rocker-bottom deformity caused by plantar convexity of the mid-tarsal joints. 
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Fie. 7-C 
D. S. About a year after the operation, performed on July 6, 1938, showing 
satisfactory correction of the deformity. The ball of the big toe now rests on the 
ground. 


PA 
38 88 


1144 PARE 


Fia. 7-D 


D. S. Roentgenograms after correction. The faulty position of the whole first 
ray is entirely corrected. Note that forward bending of the tibia is eliminated 
because of transplantation of the tendon of the tibialis anterior into the tibialis 
posterior. Thus the tension of the tibialis anterior has been released and the lever- 
age diminished, as its insertion is now shifted backward nearer to the axis of motion 
in the tibiotalar joint. (See Figs. 7-A and 7-B.) 
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hallucis longus tendon is threaded with a special tendon stitch and pulled 
dorsally through the bone channel into the wound over the toe. 

The author feels that this transplantation of the flexor hallucis 
longus tendon into the shaft of the first metatarsal should be considered 
in addition to wedge osteotomies, especially in paralytic cases with strong 
flexors and weak extensors of the big toe. This converts the flexor hal- 
lucis longus into a plantar flexor of the first metatarsal, and simultane- 
ously its plantar-flexion action upon the big toe is eliminated. 

Subcutaneous plantar tenotomy and capsulotomy are then per- 
formed over the metatarsophalangeal joint just distal to the sesamoids, * 
and the plantar-flexion contracture of the big toe is thoroughly corrected. 

The dorsal tongue-shaped flap is then resutured with enough redupli- 
cation (as in a double-breasted coat) to keep the big toe in a few degrees 
of dorsiflexion. The hallux valgus, if present, is also corrected by re- 
suturing the flap with somewhat more tension on its medial (tibial) side. 
The distal end of the transplanted flexor hallucis longus tendon is then 
anchored into the tongue-shaped flap and acts as passive reinforcement 
of the dorsal capsule. One or two stitches are taken through the tendon 
and the periosteum at the dorsal opening of the bone channel in order to 
prevent the displacement of the tendon before it becomes adherent to the 
bone. A loose plaster casing is applied. 

In about two weeks another unpadded walking plaster casing is 
applied, allowing dorsiflexion of the big toe, and the patient is gradually 
permitted to walk with crutches. This plaster casing is kept on for about 
two months. After that the patient is given well-fitted steel foot plates, 
and physical therapy is instituted. 

Since April 19, 1932, a total of six T patients have been operated upon 
by this method, with encouraging results. Four cases followed anterior 
poliomyelitis; one was the result of spastic paralysis (Figs. 4-A and 4-B); 
and one belonged to the talipes planovalgus group (Figs. 7-A through 7-D). 


COMMENT 


In conclusion, the author wishes to state that the dorsal-bunion 
symptom-complex may be a result of a number of variable ailments and 
deformities of the foot. 

The operative approach described is offered only as an outline for 
those who may attempt to operate upon these cases. The author wishes 
to emphasize the fact that each foot may present its own problems, and, 
consequently, the operation should be modified to fit each individual case. 


The author wishes to express his thanks to Dr. Leo Mayer for his friendly criticism 
of the manuscript. 


* In all our cases the capsulotomy was performed distal to the sesamoids without 
any untoward results. The author, however, sees no objection to performing the cap- 
sulotomy proximal to the sesamoids, thereby preventing their possible posterior dis- 
placement, the functional importance of which has been emphasized by Dr. D. J. Morton. 

+ A seventh patient (post-poliomyelitis) has been operated upon only recently by 
Dr. Leo Mayer, but this case is not included in this report. 
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ATROPHIC CHARCOT’S HIPS 
Report oF Five Cases 


BY ARTHUR H. CONLEY, M.D., AND DONALD S. MILLER, M.D., 
CHICAGO, ILLINOIS 


Charcot’s joints are not an uncommon finding in tabes dorsalis. The 
more common type, the hypertrophic joint reaction, has been described in 
detail in many early reports, while the Jess common variety, the atrophic 
group, has had little mention to date. 

Various theories as to the pathogenesis of this condition have been 
offered. Thomas and Kudelski believe that a basic sympathetic condition 
is the cause of the disintegration of the joint. Oberthur, Delbet and Car- 
tier, and Marinesco, Sager, and Kreindler are of the same opinion. Wile 
and Butler state that in every case involvement of the joints is associated 
with destruction of their afferent and proprioceptive nerves, rendering the 
joints unable to compensate for injury. Histological studies have been 
made by Moritz and Bologna, while the associated physiology has been 
described by Marinesco and Sager. Hamill reports a case in which 
trauma was the contributing cause of the condition. 

We are herein describing five cases of atrophic Charcot’s hips, seen 
in the Cook County Hospital during a two-year period. In only one of 
these cases was the condition bilateral. There were three females and 
two males, and their ages ranged from forty to fifty-nine years. The dura- 
tion of the joint conditions preceding the diagnosis varied from one to six 
years. Diagnosis was made by clinical examination; each of the patients 
had a triad of positive symptoms with a positive blood or spinal-fluid 
Wassermann reaction. The blood Wassermann reaction was positive in 
four instances and negative in one. The spinal-fluid Wassermann reac- 
tion was positive in two cases and negative in three. 

All of the joints were painless with an undue amount of mobility, as 
in Case 1 (Figs. 1-A and 1-B). Roentgenograms revealed a characteristic 
loss of bone substance and diminished reaction rather than the prolifera- 
tive, irregular deposit of the hypertrophic type. In one instance—Case 1 
(Figs. 1-A and 1-B)—the head remained in the acetabulum, the entire 
neck being absorbed; in the remaining cases (Figs. 2, 3, 4, and 5) there was 
an entire absorption of the neck and head of the femur, the trochanter 
remaining clear of the acetabulum and completely out of the joint. There 
seemed to be a slight thickening of the joint capsule, which receives the 
strain of the weight, in two cases,—Case 3 (Fig. 3) and Case 4 (Fig. 4). 
Shortening and instability were prominent in all cases. Among our cases 
of Charcot’s hips we have encountered several of the hypertrophic variety, 
and we are including a roentgenogram (Fig. 6) of one of these cases for 
comparison. A differential diagnosis from septic or tuberculous hip may 
easily be made. 
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The disability in all instances was so severe that modified bed rest 
was essential, with short periods of ambulation. At the primary exami- 
nation of the patient in our first case, an old fracture of the neck of the 
This was excluded in view of the positive Wasser- 


femur was considered. 
A diagnosis of Char- 


mann reaction and the absence of pain in the joint. 
cot’s disease having been made, a Whitman reconstruction of the head 
was done with an excellent result. The patient, however, died of ag- 
gravated tabes dorsalis symptoms, cystitis, and pyelitis. Braces were 
applied in the other four cases. Since the necessary constant care and 
reeducation in walking could not be given in a charitable institution, three 
patients were transferred to a convalescent home, where antiluetic treat- 
ment was given. 

Table I shows the sex and age of the patients, the duration of symp- 
toms, the treatment, and the results in the cases reported. 


CASE REPORTS 


Case 1. W. R., male, aged fifty-two years, a clerk, stated that in September 1934 
he had noticed a “click” of the left hip while he was moving from one seat to another in a 
street car, which made a sudden stop. Since then he had complained of weakness, 
shortening of this extremity, and a limp. 

Roentgenographic examination (Fig. 1-A) at the Clinic of the Cook County Hospital 
on March 30, 1935, revealed marked absorption of the neck with part of the head remain- 
ing. Physical examination revealed Argyll Robertson pupils with loss of deep reflexes. 


Fia. 2 


Case 2. M.C. Roentgenogram showing marked absorption of head and neck 
of right femur. There is no bone reaction; the trochanter is riding high against the 


iliac area. 
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Because the head was inadequate for a Brackett operation, a Whitman reconstruction 
operation was done, with an excellent result (Fig. 1-B). Seven days after the operation a 
septic temperature and delirium developed, and the patient went into a coma and died. 
The post-mortem exami- 


' nation revealed infected 
diverticula of the bladder, 
with an ascending pyelitis, 
generalized peritonitis, 

‘ bronchopneumonia, and 

| luetic aortitis. 


Case 2. M. C., fe- 
male, aged fifty-one years, 
a housewife, in June 1936 
had first noticed a limp 
| and swelling of the right 
hip. A ‘heavy feeling” 
of the legs became con- 
| stant and severe, and in 
October 1937 she sought 
help at the Clinic, where 
she gave a history of treat- 
ment for her “blood”’ at 
various times. Fig. 3 
Neurological exami- Case 3. B. K. Roentgenogram showing marked atrophy 
nation revealed the ab- of neck and head of left femur. 


) Fia. 4 


Case 4. M.C. Roentgenogram showing marked atrophy of the head and neck 
of both femora. There is some evidence of a sclerosis of the trochanter and the 
adjoining iliac area. This is the only bilateral case. 
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sence of knee jerks, a normal position sense, and a loss of the deep reflexes. The pupils 
reacted poorly to light and accommodation. The blood Wassermann reaction was 3 
plus; the spinal-fluid Wassermann reaction was negative. 
The patient refused surgery, and a hip caliper was ordered for support. At present 
\ she is in a sanatorium, her condition being unchanged. 


Case 3. B. K., female, aged forty years, a housewife, was admitted to the Cook 
County Hospital on May 2, 1937, with a fracture of the left femur. The leg was put up 
in Buck’s extension for two months. At the end of this period, there was marked 

' shortening of the extremity, but no pain. (See Figure 3.) 

Neurological examination revealed a positive Abadie sign and a loss of deep sensa- 
tion. Argyll Robertson pupils were present. The blood Wassermann reaction was 3 
plus; the spinal-fluid Wassermann reaction was 2 plus. 

The patient refused surgery, and a brace was used. She continues to get around 
with crutches. 

i Case 4. M.C., male, aged fifty-nine years, unemployed, noticed a general short- 
ening of his body and a marked waddling gait, without pain. He entered the Clinic 
for treatment in April 1935. 

The blood Wassermann reaction was 3 plus, and the Kahn test was 4 plus. Physical 
examination revealed a short, peculiar, telescope-like appearance of the spine, the ab- 
sence of deep reflexes, loss of sensation, and the presence of Argyll Robertson pupils. 

The patient is receiving antiluetic therapy and gets around fairly well with the aid of 
crutches. This was the only bilateral case. 


‘ Case 5. G. A., female, aged fifty-one years, a housewife, entered the Clinic on Jan- 
uary 2, 1935. She stated that in 1930 she had complained of severe ‘‘girdle pains’’ and 
‘shooting pains”’ down the legs. Cordotomy was done in 1931, with relief of pain. The 
patient had then noticed a limp and swelling of the right hip and had experienced diffi- 
culty in walking. The spinal-fluid Wassermann reaction was 1 plus, and the Kahn test 


TABLE I 
SuMMARY OF CASES 
| Duration Tests for Syphilis 
Case} Age of 
No. Name _ Sex (Years)| Symptoms Spinal rreatment Result 
(Years) | Fluid 
Whitman re- Death, due 
1 | W.R.| Male 52 | e+] = construction to compli- 
r operation cations 
2 M.C. Female 51 2 ee, = Hip caliper Sent to san- 
atorium 
P Buck’s exten- 
3 |B. K. Female 40 +++ sion 
atorlum 
Hip caliper 
4 4 |M.C.)| Male 59 214 +++ — Antiluetic Patient am- 
therapy bulatory 
5 |G.A. Female 51 6 — + Hip caliper Sent to san- 
atorium 
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was negative. In 1934 a trophic ulcer of the left foot developed, and antiluetic treatment 


with heavy metal was instituted. 
The patient refused surgery and was sent to a sanatorium with a hip caliper for 


support. 
CONCLUSIONS 


The incidence of the atrophic variety of Charcot’s hips is not as un- 
common as one would suppose. The five cases reported occurred within a 
relatively short period of time. The diagnosis must be thought of when 
there is a triad of symptoms associated with an increased mobility of the 
joint and a positive blood or spinal-fluid Wassermann reaction. The 
treatment to date has been very unsatisfactory, although the administra- 
tion of heavy metals should be tried. Surgery was not of any assistance 
in our single case and is not advised except in certain isolated cases, par- 
ticularly when diagnosed very early. The prognosis for recovery, as well 
as for function of the joint, is poor. 
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OSTEOID-OSTEOMA: FURTHER EXPERIENCE WITH THIS 
BENIGN TUMOR OF BONE 


WITH SpeEcIAL REFERENCE TO CASES SHOWING THE LESION IN RELATION 
TO SHAFT CoRTICES AND COMMONLY MISCLASSIFIED AS INSTANCES 
OF SCLEROSING NON-SUPPURATIVE OSTEOMYELITIS OR 
CorTICAL-BONE ABSCESS * 


BY HENRY L. JAFFE, M.D., AND LOUIS LICHTENSTEIN, M.D., NEW YORK, N. Y. 
From the Laboratory Division of the Hospital for Joint Diseases, New York 


In 1935, one of us (H. L. J.) Sealled attention, under the heading of 
osteoid-osteoma, to a benign neoplastic lesion of bone which had apparently 
not hitherto been described. The article in question gave clinical, roent- 
genographic, and pathological details in regard to the five instances on the 
basis of which the condition originally became crystallized in the mind of 
the author. Ina footnote, added when proof of that article was corrected, 
he was able to state that he had already observed three additional cases of 
the condition. Not long after this, when he demonstrated the lesion at a 
meeting of pathologists, there were already eleven instances to report.® 
Since then, twenty-two additional cases have accumulated, so that our 
total experience with the lesion now covers thirty-three cases. 

In the original article it was stated that, in the cases seen, the lesion 
began its development in spongy bone. Subsequent experience has 
shown that it can also start, if not within the substance of bone cortex, at 
least on its periosteal or medullary surface. In fact, our present thirty- 
three cases of osteoid-osteoma ‘include thirteen instances in which the 
lesion developed in the shaft cortex of a long bone. These cases, like 
those in which the lesion was in spongy-bone areas, were misinterpreted 
clinically as instances of chronic osteomyelitis or of bone abscess. More 
particularly, the cases in which the lesion was in the shaft cortex had been 
misclassified clinically as representing so-called ‘sclerosing non-suppurative 
osteomyelitis” or else ‘“‘intracortical-bone abscess”. It is mainly because 
of the wider conception of osteoid-osteoma opened up by these shaft- 
cortex cases that this second article is being presented. 


CLINICAL ASPECTS 

Sex and Age Incidence 
Of the thirty-three patients, twenty-two were males and eleven were 
females. There may be significance in this preponderance of males, but 
the number of our cases is really too small to permit statistical general- 

ization. 

As to the age incidence, it is clear that the disorder has a predilection 
* Read in part at the Annual Meeting of the American Orthopaedic Association, 


Kansas City, Missouri, on May 7, 1940. 
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for adolescents and young adults. We have age records on thirty of the 
thirty-three patients. It is striking that all but five of these thirty were 
between eleven and twenty-four years of age. Tabulation, by five-year 
periods, of the ages of the patients at the time of admission to the hospital 
shows the following distribution: 


Age No. of Cases Age No. of Cases 
0 26 to 30... 3 

16 to 20............... 


The youngest patient was four years of age and the oldest, thirty-three. 


Distribution and Location of the Lesions 


The following table lists the various bones affected and, in descending 
order of frequency, the number of times each was found to be involved in 
the thirty-three cases. 


Bone Involved No. of Cases Bone Involved No. of Cases 
7 Caleaneum. . . 1 
Phalanges (pedal) . 3 Tarsal navicular 1 
3 Astragalus....... 1 
Ankle region (site not 1 
Phalanges (manual) . . 2 precisely given) 
3 — 


So far, then, we have found the lesion in bones of the limbs and of the 
vertebral column (exclusive of the sacrum), but not yet in ribs, innominate 
bones, or skull bones. As to the limbs, the bones of the lower ones are 
much more commonly affected than those of the upper. In regard to the 
skull, it should be noted that a lesion appearing in the bones of the nasal 
sinuses has been described which bears at least some resemblance to 
osteoid-osteoma and which will be considered later in our discussion of the 
literature (p. 680). 

When the lesion arises in the spongiosa, it usually, though not neces- 
sarily, incites a perifocal osteosclerosis of greater or lesser extent. The 
lesion may be well buried in spongiosa. It is particularly likely to be so 
when it develops in the spongy end of a long bone. However, we have 
seen one instance in which the lesion developed immediately beneath an 
articular cartilage. A rather superficial location is fairly common when 
the lesion develops in small bones consisting mainly of spongiosa. Under 
these circumstances, it often abuts upon, and even erodes, the overlying 
cortical shell. It may then elevate the periosteum, but it does not pene- 
trate the latter and may not even stimulate it to the excessive formation of 
new bone. 
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Arising in the cortex of a long bone shaft, the lesion usually provokes a 
more extensive reaction. If it develops toward the outer surface of the 
cortex, it may incite the periosteum in its vicinity to a tremendous deposi- 
tion of new bone. On the other hand, if it develops toward the inner side 
of the cortex, the new-bone formation may be more prominent on the 
medullary surface. Indeed, the major marrow cavity for some distance 
above and below the lesion may become obliterated by newly deposited bone. 

Finally, one occasionally encounters an osteoid-osteoma which seems 
to begin in and remain largely restricted to the periosteum, provoking but 
little reaction in the underlying cortex. We have two cases of this kind, 
both relating to proximal manual phalanges. 


Clinical Complaints and Findings 


The duration of complaints at the time of admission to the hospital 
ranged between a few months and a number of years. Histories of less 
than six months were the exception; of six months to two years, the rule; 
and of over two years, not common. No patient gave a history of diffi- 
culty dating back longer than four years. 

Only ten of the thirty-three patients made any mention of possibly 
relevant trauma in their case histories. Some of these stated that the 
trauma had antedated the onset of the symptoms by weeks, months, or 
even years. The rest of them dated the onset of the complaints directly 
from the trauma. Altogether, it is difficult to come to any conclusive 
decision about the factor of trauma. Indeed, it was sometimes not even 
clear that the site of the osteoid-osteoma was actually that of the previous 
trauma. 

The principal complaint was of pain, and it was this that consistently 
led the patients to seek medical attention. Occasional and mild at first, 
the pain had usually increased in persistence and severity and, at the time 
of admission, was often bad enough to interfere with sleep. (It seems of 
interest in this connection that a number of the patients reported relief 
from the pain for some hours after taking about ten grains of acetyl- 
salicylic acid.) Local swelling was apparent in some instances,—par- 
ticularly where the lesion was in a bone site not very thickly covered by 
soft tissue. Limping was complained of in a considerable number of the 
cases in which the lesion was in a lower-limb bone. Stiffness and weak- 
ness of the part were observed in some of the cases,—notably in those in 
which the lesion was near a joint. In no case was there a history of febrile 
episodes in connection with the lesion. 

Physical examination revealed, in the majority of cases, some swelling 
and tenderness, localized to the general region of the pain. Indeed, these 
were often the only relevant findings. In some cases, on account of the 
fact that the part had been spared in use, there was also a slight amount of 
muscle atrophy. Local heat and redness were absent in all but one of the 
cases and were slight in that one. This is striking in view of the fact that, 
in a large majority of the patients, the condition had been interpreted 
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clinically as having an inflammatory basis, and, in particular, as being 
either chronic osteomyelitis or chronic bone abscess. 


Clinical Diagnosis and Roentgenographic Findings 

Clinically, the diagnosis of osteoid-osteoma is not really very difficult, 
if one is familiar with it and the possibility of its presence is borne in mind. 
The history and physical examination alone often furnish the necessary 
cues. Specifically, one should suspect that it is present if: (1) the patient 
is an adolescent or a young adult; (2) the complaint is of well-localized 
bone pain of at least some months’ duration; (3) this pain is not associated 
with local heat, although some local swelling may be present; and (4) the 
condition is not, and has not been, associated with bouts of fever. 

The clinical laboratory findings shed no light upon these cases. The 
sedimentation rate of the red blood cells was within normal limits in the 
few cases in which it was determined. The blood count likewise failed to 
yield any significant findings. It goes without saying that most of the 
patients, in the course of the routine, were tested serologically for syphilis, 
with negative results. An intradermal quantitative tuberculin test was 
also done in many of the cases, for the sake of any additional information 
it might contribute toward the diagnosis, but was, of course, only of nega- 
tive value. 

It is the roentgenogravhic picture that constitutes the most valuable 
single diagnostic guide. However, this picture is very likely to be mis- 
interpreted unless one is familiar with the possibilities as to the roentgeno- 
graphic appearance of the condition. What one must remember par- 
ticularly is that this picture has two aspects,—the manifestation of the 
osteoid-osteoma proper and that of the reaction which it has incited in the 
surrounding osseous tissue. 
reactive changes within which it appears may be quite extensive. 

For some time in the course of its evolution, the osteoid-osteoma 
proper is usually indicated roentgenographically by a relatively radiolu- 
cent or rarefied area in the bone (Figs. 1,7, and 11). This area is likely to 
be roundish in shape if the osteoid-osteoma is in spongy bone and oval if it 
involves the cortex of a long bone. Its greatest diameter is usually be- 
tween five-tenths of a centimeter and two centimeters and is most likely 
to be about one centimeter. The reactively changed surrounding tissue 
appears as a more or less opaque oredense zone. This dense area of peri- 
focal reaction may be only a narrow ring or it may spread for several centi- 
meters about the lesion, even if the latter is in the spongiosa. If it is in 
the cortex of a long bone, the reactively densified area may extend for 
several inches both above and below the osteoid-osteoma proper. The 
densification of the cortex may also be found to extend for a considerable 
distance around the circumference of the affected shaft (Figs. 4, 7,15,and 19). 

Later in its evolution the osteoid-osteoma tends to become calcified 
and ossified. In harmony with this fact, its shadow no longer appears as 
an area of uniform rarefaction. Instead, it is opaque in some places and 
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may even be uniformly so. Thus, in a spongy-bone area, it eventually 
appears as a very radiopaque or dense circular nidus, which may, never- 
theless, be made to stand out from the neighboring opaque bone by a 
narrow zone which is more permeable to the rays (Fig. 4). The same 
course is usually taken by an osteoid-osteoma when it is in the shaft 
cortex of a long bone (Fig. 19). In such a site, it is sometimes difficult, if 
not quite impossible, to trace out the opaque nidus representing the ossi- 
fied osteoid-osteoma from the surrounding reactively thickened and 
densified cortical bone (Figs. 23,24, and 25). The experience of Dr. M. M. 
Pomeranz, the roentgenologist of the Hospital for Joint Diseases, has 
shown that, under these conditions, overexposing the plate and taking the 
picture in various planes with a cone may enable one to recognize the 
lesion more readily. 

The various shadows produced by the osteoid-osteoma and the reac- 
tion about it are open to misinterpretation. The usual error is to inter- 
pret the roentgenogram as reflecting some form of chronic inflammation of 
bone. Specifically, a film showing an area of rarefaction in the spongiosa, 
surrounded by an area of densification, is likely to be regarded as repre- 
senting a chronic bone abscess with inflamed and sclerosed bone around it. 
Again, a film showing a radiopaque nidus in the spongiosa is likely to be 
interpreted as signifying an ‘‘annular sequestrum’’, surrounded by an 
area of chronic osteomyelitis. The picture produced by an osteoid- 
osteoma in the shaft of a long bone is most commonly mislabeled ‘chronic 
sclerosing non-suppurative osteomyelitis’ or ‘‘osteomyelitis chronic from 
the beginning’. On the other hand, should the examiner in such a case 
see a focus of rarefaction in the thickened and densified shaft cortex, he 
would be likely to misinterpret it as representing an intracortical abscess 
with inflamed bone around it. Other conditions with which an osteoid- 
%steoma of a long bone shaft has sometimes been confused include syphi- 
litiec osteoperiostitis and, even less plausibly, sclerosing osteogenic sarcoma. 
That these various roentgenographic diagnoses are untenable should be 
clear from a study of the history and clinical findings and is made obvious 
by the pathological findings in these cases. 

In regard to diagnostic problems created by a special location of the 
lesion, mention should be made of the vertebral column. Specifically, it is 
extremely difficult to make the diagnosis of osteoid-osteoma when the 
lesion is in a facet or a lamina of a vertebral body. When the lesion 
develops under the articular cartilage of a long bone, particularly at the 
lower end of the femur or the upper end of the tibia, the case may be mis- 
interpreted as one of osteochondritis dissecans. 


PATHOLOGY 


As stated, an osteoid-osteoma is of small-size even when fully evolved, 
but it generally incites the tissue around it to an extensive reactive forma- 


tion of new bone. The originally expressed conception of the lesion—a 
conception which we find no reason for changing—is, in brief, as follows: 
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The lesion is a benign osteogenic tumor of slow growth. The initial phase 
of its evolution in a given site seems to be the proliferation of the local 
bone-forming mesenchyme and particularly of its osteoblasts. Indeed, at 
an early stage, the tumor may consist largely of a vascular mesenchymal 
substratum, closely packed with osteoblasts, although showing also a 
scattering of osteoclasts (Fig. 30). 

In the further evolution of the lesion, considerable intercellular sub- 
stance develops between the osteoblasts. This substance becomes calci- 
fied only slowly, and consequently the tumor at this stage contains large 
patches of osteoid or numerous osteoid trabeculae (Figs. 5, 6, 13, 14, 17, 
and 18). In fact, the presence of rather large amounts of osteoid is so 
characteristic of the lesion at one stage in its evolution that the incorpora- 
tion of the term “osteoid”’ into its name seems justified. Subsequently, 
the osteoid becomes calcified and converted into hypercalcified bone, 
which is neither typical fibrous bone nor typical lamellar bone. When 
fully evolved, the lesion is composed of compacted trabeculae of this 
atypical bone, the intertrabecular tissue of which is vascular and may still 
be rather cellular in some places. U!timately, it is the osteoma rather 
than the osteoid aspect of the lesion that is conspicuous microscopically 
(Figs. 26 and 27). It should be noted, however, that there is no clear-cut 
correspondence between the age of the lesion, as represented by the pa- 
tient’s complaint, and the degree of calcification and ossification of the 
lesion, as observed grossly and microscopically. 

We turn now to the pathology of the perifocal reactive response. An 
osteoid-osteoma developing in a spongy-bone area is found surrounded by 
a narrow zone of vascular connective tissue, which, in turn, is usually 
surrounded by an area of sclerotic osseous tissue. The trabeculae com- 
posing the latter are thick and irregular and interspersed with fibrous 
marrow (Fig. 2). In a shaft cortex, the perifocal sclerosis about an os- 
teoid-osteoma is often particularly pronounced. Indeed, the bone cortex 
may be extremely thickened over a large area. The thickened cortex is 
found to be composed of two layers,—a layer of more or less transformed 
original cortex, and, on the surface of the latter, a layer of compacted, 
newly deposited periosteal bone. The osteoid-osteoma may be found 
abutting upon the medullary surface of the transformed original cortex, or 
lying between this layer and the layer of new cortex, or, finally, located 
entirely within new cortex (Figs. 12, 13, 16, 17, 20, 21, 24, 25, and 26). 
Microscopic examination, even when extensive and thorough, fails to 
reveal any infectious inflammatory basis for the perifocal sclerosis, whether 
the osteoid-osteoma has developed in spongiosa or in cortex. 

However, why an osteoid-osteoma should arouse a perifocal osteo- 
sclerosis is by no means clear. Indeed, although we have given much 
thought to the question, we have at present only a presumptive answer for 
it. A factor in the explanation would seem to be the irritation of the bone- 
forming tissues by the slow, torpid growth of the lesion. ¢ The relatively 
greater freedom of growth provided by spongy bone, together with the 


THE JOURNAL OF BONE AND JOINT SURGERY 


| | 

| 

| 
| 
| 

| 
| 
| 
| 

i 

| 
| 
| 

| 

j 

} 

4 

Wile 


OSTEOID-OSTEOMA 651 


relatively meager bone-forming capacity of the latter, would seem to 
explain the generally milder character of the perifocal osteosclerosis when 
the osteoid-osteoma appears in spongy bone. On the other hand, when 
developing in cortex, the osteoid-osteoma sooner or later communicates its 
presence to the periosteum through direct or indirect irritation of the 
latter. The periosteum makes its characteristic response,—abundant 
deposition of new bone, accounting for the elaborate perifocal thickening 


{ of the cortex in the cortical cases. Incidentally, the pressure which the 
growth of the osteoid-osteoma creates upon the incasing spongiosa or 
] cortex is undoubtedly the reason for the relatively mild but increasing and 


persistent pain which the patients in question suffer. 


REPRESENTATIVE CASES 


The paper published in 1935 contains a detailed description of each of 
the five original cases. None of these will be cited again here, and the 
reader is merely referred to them for the information which they already 
yield about osteoid-osteoma. Indeed, the twenty-eight additional cases 
contribute nothing fundamentally new to our original general conception of 
the disease. However, in other respects certain of the later cases have 
contributed further information. Specifically, as to the pathology, these 

‘ases include a few instances in which the osteoid-osteoma was in an even 
sarlier stage of evolution than any described in the previous report. 
Notably, one case was encountered in which the lesion was as yet free of 
, osseous tissue, even almost free of osteoid, and so rich in osteoblasts as to 
suggest what one might call an ‘‘osteoblastoma’’. As to localization, 
thirteen of the subsequent cases revealed that an osteoid-osteoma can 
develop in cortical bone and that spongy bone is thus not the only possible 
site of origin for the lesion. Furthermore, we have observed, in relation 
to phalanges, certainly one instance and possibly another in which the 
growth could be conceived as a subperiosteal osteoid-osteoma. More 
precisely, these were cases in which it affected the cortex only slightly, be- 
ing largely confined between the periosteum and the cortical outer surface. 

Taken together, the following case reports are intended to compose a 
representative picture of our present conception of osteoid-osteoma. The 
first two (like those originally reported) show spongy-bone localizations of 
the lesion at contrasting stages of its development. Specifically, the 
lesion in Case 1 was in a stage such that roentgenographically it was 
manifested as a small area of increased radiolucency, while in Case 2 it 
was evident as a nidus of radiopacity. Cases 3 to 7, inclusive, are in- 
tended to show how the lesion appears when developing in the shaft 
cortex of a long bone. In presenting five cases of this type, we do not 
; mean to imply that this localization is the more common one, but are 
using them merely to emphasize an aspect of the condition of which we 
4 were not yet aware when the original paper was written. They include an 
instance (Case 7) in which, on account of the pronounced thickening and 
densification of the cortex and the ossification of the osteoma proper 
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within it, the lesion could not even be distinguished in the roentgenogram 
of the affected bone. Finally, Case 8 is presented to show what we con- 
ceive as a subperiosteal localization of osteoid-osteoma. 


Case 1. The patient was a man, twenty-three years old, who was admitted to the 
Hospital under the care of Dr. J. E. Milgram. His chief complaint was pain of seven 
months’ duration in the left big toe. It was localized to the medial aspect of the distal 
phalanx of this toe and did not radiate. It was usually noticed only at night, but was 
then severe enough to wake the patient often. The pain could not be related to any 
previous trauma or illness, nor did it seem to be aggravated by walking, weight-bearing, 
or other activity. It was not associated with any local changes noticeable to the patient. 
Furthermore, he had no complaints referable to other parts of the body or to his general 
health. The local physical examination revealed merely a slight swelling of the medial 
aspect of the left big toe near the base of the distal phalanx. The area was exquisitely 
tender to pressure. There was a barely perceptible increase in local heat, but no local 


redness. 


Roentgenographic, Operative, and Pathological Findings 

The roentgenogram revealed a circular area of more or less increased radiolucency, 
four millimeters in diameter, occupying the proximal medial corner of the affected phalanx 
(Fig. 1). On the basis of the case history and the roentgenographic findings, Dr. Mil- 
gram suspected before operating that he was dealing with an osteoid-osteoma. He re- 
moved from the phalanx the corner bearing the 
lesion. Culture of a swabbing from the site 
of resection yielded the staphylococcus aureus 
and a micrococcus which grew out in twenty- 
four hours. It should be noted, however, that 
the swabbing could not have been from the 
osteoid-osteoma itself, since the latter was re- 
moved intact in its casing of phalangeal bone. 
Thus the bacteria cultured represented, in all 
likelihood, merely contaminating organisms, 
which, of course, are very likely to be cultura- 
ble when the operative site is a toe. The 
wound was closed without drainage and healed 
by primary union. The patient was com- 
pletely freed of his complaints and has _re- 


Fic. 1 mained so. 
Case 1. Roentgenogram revealing The small blunt piece of phalangeal bone 
a barely detectable circular area of in- removed showed nothing remarkable on ex- 


creased radiolucency occupying the 
: ternal examination. However, when it was 
proximal medial corner of the affected : 


phalanx. split open, it presented a reddishly discolored, 


granular area corresponding to the shadow seen 
in the roentgenogram. Microscopically, this area (Figs. 2 and 3) showed numerous 
trabeculae and irregular patches of osteoid set in a substratum of highly vascular osteo- 
genic connective tissue. Here and there, the osteoid appeared to have been undergoing 
‘aleification and conversion into atypical bone. The lesion showed a scattering, and in 
some places even aggregations, of osteoclasts. It appeared well set off from the perifocal 
bone, except in one place, where some of its trabeculae had fused with those of this 
bone. The intertrabecular marrow of the perifocal bone was abnormally fibrillar, and 
the bone trabeculae themselves seemed somewhat thickened. 


Summary: To one familiar with the condition, the clinical aspects 
of this case should already suggest the possibility of osteoid-osteoma. 
To such a person, the roentgenographic findings would support this 
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diagnosis. Since the growth in this case had not yet undergone much 
calcification or ossification, the shadow cast by it was mainly one of 
rarefaction. However, the change noticeable in the roentgenogram was 


Fic. 2 
Case 1. Photomicrograph (low magnification) showing the osteoid-osteoma (up- 
per left-hand quarter of the picture) standing out in contrast to the adjacent spongy 
bone. The trabeculae of the latter seem perhaps somewhat thickened, and the 
b intertrabecular marrow, especially in the immediate vicinity of the osteoid-osteoma, 
is abnormally fibrillar. The darker, blurred patches in the center of the lesion rep- 
resent areas of calcifying osteoid (Fig. 3). 


te 


7 
3 
Case 1. Photomicrograph (medium magnification) showing details of the section 
in Fig. 2, and specifically the calcified osteoid developing in a substratum of highly 


vascular osteogenic connective tissue. 
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slight and even rather vague. Indeed, if one did not bear in mind the 
possibility of osteoid-osteoma, this slight alteration could easily have 
been misinterpreted or even overlooked entirely. 


Case 2. The patient was a young man, nineteen years of age. Dr. D. R. Telson, 
to whom we are indebted for the data on the case, treated him at another institution. 
The patient’s chief complaint was of pain. This was localized to a small area on the 
outer aspect of the left leg, near the knee joint. It had been present for nine months. 
It was intermittent and not severe, but often woke the patient at night. In addition, 
there was considerable local tenderness to pressure. However, there was no local heat, 
redness, or swelling. The patient gave no history of any possibly relevant injury or 
previous illness. On the basis of the clinical and roentgenographic findings, a diagnosis 
of localized chronic osteomyelitis with an ‘“‘annular sequestrum”’ was made. 


Roentgenographic, Operative, and Pathological Findings 

The roentgenogram showed, in the head of the fibula toward its lateral surface, an 
approximately circular area of relatively increased 
radiopacity, about five-tenths of a centimeter in 
diameter (Fig. 4). This area was seen to be en- 
circled by a narrow zone of relatively increased 
radiolucency, about one millimeter in width. It 
in turn was bordered, especially below and medi- 
ally, by a rather wide area which was relatively 
radiopaque. Altogether, the roentgenographic 
appearance was interpreted as an area of chronic 
osteomyelitis in the head of the fibula, containing 
an “annular sequestrum”’ represented by the 
core-like area. 

In operating on the patient, Dr. Telson 
found nothing noteworthy in the soft tissues 
overlying the lateral surface of the head of the 
fibula. In cutting a window into this surface, 
however, he encountered the core-like area and 
: found that the latter could easily be lifted out of 

Fic. 4 its bed. It was rather yellowish in color and 
_ Case 2. Roentgenogram showing, — gritty in substance. There was no pus or any 
in the head of the fibula toward its other gross evidence of osteomyelitis. No ma- 


lateral side, a small, roundish area of . : 

relatively increased radiopacity rep- terial for culture was taken from the site of 

resenting the osteoid-osteoma. operation. The wound was closed without 
drainage and healed by primary union. The 


patient was completely relieved of his preoperative complaints and has remained so. 
Microscopically, the extirpated nidus of tissue (Figs. 5 and 6) was found to be com- 
posed of calcified osteoid and atypical bone, arranged in trabeculae and patches and in- 
terspersed with a highly vascular osteoblastogenic connective tissue. Here and there, 
osteoclasts were found abutting upon the trabeculae and patches of osteoid and bone. 


Summary: This case is one in which the roentgenographic appear- 
ance alone should suffice to put one upon the track of the correct diagnosis. 
Specifically, the cue is given by the relatively opaque nidus standing out 
in a spongy-bone area. Except in connection with osteoid-osteoma, 
we have never seen the combination of a single nidus of this kind in a 
spongy-bone area with a history of persistent local pain and tenderness not 
associated with fever. It is true that one occasionally encounters acci- 
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5 
Case 2. Photomicrograph (low magnification) showing a section through the 
entire lesion represented by the radiopaque area in the head of the fibula seen 
in Fig. 4. 


Fic. 6 


Case 2. Photomicrograph (medium magnification) showing details of a 
small area of the section portrayed in Fig. 5. Note the osteoid and bone 
developing against a background of connective tissue. 
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dentally, in roentgenograms of spongy-bone areas, a solitary core-like 
nidus not associated with any complaint. Under these circumstances, 
such a nidus represents an enostosis, which has formed in the spongiosa 
upon the basis of a developmental anomaly. Such enostoses, like the 
multiple ones in cases of osteopoikilosis, differ from osteoid-osteoma 
anatomically. More precisely, they differ in that they represent mere 
compactions of spongy trabeculae of otherwise normal histological 


structure. 

Case 3. The patient was a man, twenty-four years old, who was admitted to the 
Hospital under the care of Dr. M. M. Youmans. His chief complaint was of pain in the 
* duration. The patient dated the onset of his diffi- 
The alleged trauma was said to have been fol- 
This was 


right forearm of almost two years 
culties from a wrench to the forearm. 
lowed promptly by the appearance of ecchymosis on the affected forearm. 
associated with local pain and swelling, both of which persisted and even increased. 
The site of the swelling was sensitive to pressure. The pain was noticed mainly at 
night, and indeed frequently woke the patient, and it was exacerbated by damp weather. 
In spite of his complaints, he had continued to use the forearm at work. His general 
health had remained good, and he had had no fever in connection with the local condition. 
The physical examination yielded entirely negative results, except in regard to the 
condition of the affected forearm. The latter showed a hard, firm swelling on the 
medial aspect of the middle third of the right ulna. This area was sensitive to pressure, 
and the pain was referred up and down the forearm. The skin over the swollen area was 
not reddened, although it felt somewhat warm. The condition did not interfere with 
supination or pronation of the forearm, and there was no loss of strength in the wrist or 
fingers. 
Prior to the patient’s admission to the Hospital, on the basis of the clinical and roent- 
genographic findings, the patient was held to be suffering from an abscess in the cortex of 
His surgeon, Dr. Youmans, consulted with us, however, and agreed 


the right ulna. 
He changed the diagnosis to osteoid-osteoma 


with us that this diagnosis was untenable. 
and advised the patient to submit to resection of the affected part of the ulna. 


Fic. 7 
Case 3. Roentgenogram of the affected ulna showing thickening of part of 


its shaft in consequence of deposition of periosteal new bone. Note the 
lozenge-shaped area of rarefaction in the region of greatest cortical thickening. 
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Roentgenographic, Operative, and Pathological Findings 

The roentgenogram of the affected ulna (Fig. 7) showed that its middle third was 
thickened for a distance of about seven centimeters. The thickening could be seen to 
have resulted from deposition of periosteal new bone, which was most abundant on the 
medial and posterior surfaces. In the region of greatest cortical thickening, a lozenge- 
shaped area of rarefaction, measuring one and twenty-five hundredths of a centimeter in 
length and seventy-five 
hundredths of a centime- 
ter across, could be plainly 
seen. The medullary cav- 
ity in the area of involve- 
ment appeared also to be 
traversed by newly formed 


bone. 

From the area of 
greatest cortical thicken- 
ing, the surgeon removed 
a block of bone, three and 
five-tenths centimeters in 
length, one and five-tenths 


centimeters across, and 
seventy-five hundredths of 
a centimeter in thickness. 
On the inner surface of 


Fig. 8 


this block, toward one end, _ Case 3. A: Photograph of the block of bone resected 

thre was an oval hollow, the ulna shown in Fig, Not, et the, upper en 

filled with brownish-red osteoma, which appears as a globular mass of darker looking 

and rather soft tissue (Fig. tissue and which was found to be rather soft and brownish 

8, A). The latter was ad- red on gross examination. 

herent to the cortex. B and C: Roentgenograms showing this block laid flat 
: and on end, respectively. Note that the hollow and the 

After the cortical — tissue it contains represent the rarefaction shadow shown 
block was lifted out, it was in Fig. 7. 
seen that some brownish- 
red tissue still lay in a contiguous hollowed-out portion of the spongiosa, and culture 
swabbings were taken from this. This tissue, with some of the surrounding sclerotic 
spongiosa, was also curetted away. This hollow in the cortex and adjacent spongiosa and 
the brownish tissue which this hollow contained (Figs. 8, B and 8, C) represented the 
area which cast the shadow of rarefaction in the preoperative roentgenogram. 

The swabbings, cultured aerobically and anaerobically, remained sterile. The 
wound was closed without drainage, and healing took place by primary union. Two 
days after the operation, the pain for which the patient was admitted had disappeared, 
and it has not returned since. 

A number of slivers, several millimeters in thickness, were cut from the cortical block 
As a matter of course, the tissue curetted from the 


and sectioned for histological study. 
A fragment of the brownish-red tissue was 


medulla was also submitted for such study. 
even embedded and sectioned without decalcification, so that we could judge to what 
extent osteoid was present in it. 

Microscopically, the sections prepared from the thickened cortex with brownish-red 
tissue attached showed the latter to be composed of a highly vascular osteoblastic con- 
nective tissue, containing numerous delicate trabeculae of osteoid (Figs. 9 and 10). 
These were found lined by osteoblasts and also, in some places, by osteoclasts. The mass 
of osteoid tissue was clearly delimited from the overlying cortex. The latter, although 
thickened by periosteal new-bone deposition, showed a spongy structure in its deeper 
portion. The spaces in the spongy cortex contained fibrofatty marrow, which was con- 
tinuous with the osteoblastic connective tissue containing the osteoid trabeculae. 
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Fic. 9 

Te Case 3. Photomicrograph 
(low magnification) showing, 
in cross section, the thickened 
cortex of the ulna, with the 
osteoid-osteoma attached on 
its medullary surface. Note 
that the cortical bone is 
somewhat rarefied and that 
the osteoid-osteoma is well 
differentiated from it. 


Nowhere was there any evi- 
dence of active inflammation 
or any sign that an active in- 
flammation had ever been 
present. 


Summary: This is 

Fic. 9 an instance of osteoid- 
osteoma developing in the shaft of along bone. For almost two years, the 
condition had been erroneously regarded as a sclerosing osteomyelitis of 
the ulna, and the rarefaction shadow in the affected area had been misin- 
terpreted as an abscess cavity. Actually there was no cavity at all, there 


Fia. 10 


Case 3. Photomicrograph (medium magnification) showing histological details 
of the osteoid-osteoma seen in Figs. 8, A and 9. Note that the lesion is composed 
of trabeculae of osteoid, which are lined by osteoblasts and in some places by 
osteoclasts. The osteoid is developing in a very vascular connective tissue. 
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being merely a hollow filled with connective tissue and osteoid and sur- 
rounded by thickened cortex and sclerotic spongiosa. It is interesting also 
that, despite the fact that the affection had been present for almost two 
years, the nidus of connective tissue and osteoid had not undergone much 
-alcification and transformation into atypical bone, as it does in most cases. 


CasE 4. The patient was a girl, sixteen years of age, who was treated at the Hos- 
pital on the Service of Dr. 8. A. Jahss. About one and one-half years before admission, 
she had begun to experience nocturnal pain, in the right knee. It was severe enough to 
interfere occasionally with sleep. Several months afterward, she had begun to experi- 
ence, in addition, a dull, steady pain in the right groin, and this pain, too, was at first 
noticed only at night. The pain in both sites became progressively worse, and, about 
eleven months before admission, was felt during the day as well as at night. However, 
it was worse at night, and it gradually became severe enough to make the patient limp 
occasionally. Despite the pain and the limp, she remained fairly active and continued 
attendance at school, since she found that rest did not lessen the pain. Nevertheless, she 
did lose twenty pounds in weight during the one and one-half years following the onset 
of her difficulty. On questioning the patient, it was also found that the onset and prog- 
ress of the condition had not been associated with fever or chill or any previous trauma. 

On physical examination, Dr. Jahss found very slight atrophy of the right thigh, 
more obvious when viewed from the rear. There was no limitation of mobility either at 
the hip joint or at the knee joint. The medial aspect of the right thigh, two or three 
inches below the inguinal ligament, was moderately tender to pressure. However, there 
was no local heat, redness, or induration. On the basis of the clinical and roentgeno- 
graphic findings, it was suspected that the patient was suffering from an osteoid-osteoma 
of the upper portion of the shaft of the femur, at the level of the lesser trochanter. 


Roentgenographic, Operative, and Pathological Findings 

The preoperative roentgenogram (Fig. 11) revealed a roundish, rarefied area, 
seventy-five hundredths of a centimeter in diameter, situated in the anterior part of the 
femoral shaft, at the level of the lesser trochanter. On one surface, the rarefied zone 
abutted against the inner surface of the cortex. There was a wide perifocal zone of 
densification evidently reflecting reactive sclerosis of the spongiosa about the rarefied 
area, and also of the overlying cortex. The roentgenologist, Dr. M. M. Pomeranz, con- 
curred in the impression that we were dealing here with an osteoid-osteoma. 

The surgeon removed a block of thickened cortex from the diseased area on the 
anteromedial side of the femur, in the vicinity of the lesser trochanter. The exposed 
underlying spongiosa was also found to be sclerotic. At operation, culture swabbings 
were taken from the inner surface of the cortical specimen and adjacent spongiosa, which 
was then curetted. The swabbings were cultured aerobically and anaerobically and 
remained sterile. The wound was closed tightly and healed by primary union. Within 
forty-eight hours after the operation, the patient was completely relieved of the pre- 
operative pain of long standing. 

The resected cortical block measured about three centimeters in length, two centi- 
meters in width, and a little more than one centimeter in depth at the thickest point. 
The thickening had obviously resulted from periosteal new-bone deposition. On the 
medullary surface of the block, a round, reddish mass of rather granular and gritty tissue 
was observed (Fig. 12, A). It measured about five-tenths of a centimeter in width. The 
block was cut into several slivers, and these showed that it extended for about the same 
distance into the cortex, toward the periosteum. The nidus was apparently the prin- 
cipal source of the rarefaction shadow seen in the preoperative roentgenogram (Fig. 12, B). 

Microscopically, the nidus of granular and gritty tissue in question (Figs. 13 and 14) 
was found to be composed of trabeculae of osteoid and atypical bone, set against a back- 
ground of osteoblastogenic connective tissue. The trabeculae were lined by osteoblasts, 
and in some places had osteoclasts abutting upon them. The substratum of connective 
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tissue was rather vascular. In many places its spindle-shaped cells could be seen to have 
undergone transformation into osteoblasts. Where this had occurred, there was excess 
intercellular material, so that the total picture presaged the formation of osteoid trabe- 
culae. Much of the cortex overlying the lesion clearly represented newly deposited 
periosteal bone. The thickened cortex and the lesion proper were plainly delimited. 
Nowhere in the many slides prepared from the specimen was there any evidence of infec- 


tion or inflammation. 


A B 


Fic. 12 

Case 4. A: Photograph of a slice cut 
from the resected cortical block through 
the area containing the osteoid-osteoma. 
Note the latter on the medullary surface, 
extending into the cortical tissue. 

B: Roentgenogram of this same slice 
laid flat, showing a more or less roundish, 
rarefied area, representing the osteoid- 
osteoma in the cortex. 


Summary: This is a case of oste- 
oid-osteoma developing in the shaft 
cortex of the upper end of the femur. 
However, the roentgenograms in 
this case would be likely to be re- 

Fic. 11 ported as showing either a chronic 

Case 4. Roentgenogram showing a OSteomyelitis or an abscess of the 

run, rare area the upperendofthefemur. Thesterlty 

trochanter. of the cultures, the absence of evi- 

dence of inflammation in the sec- 

tions studied microscopically, the healing by primary union, and the 

dramatically prompt cessation of the previously stubborn pain exclude an 
inflammatory lesion and are characteristic of osteoid-osteoma. 


CasE 5. The patient was a man, twenty-four years of age. Dr. A. Kenin, to whom 
we are indebted for the material and data on this case, treated him at another institution. 
The patient’s chief complaint was of pain, which was localized to the outer aspect of the 
upper end of the right femur, just a little below the greater trochanter. The patient 
stated that the pain had been present since he fell off a stool four months before. It was 
intermittent and not severe on the whole, although it sometimes woke him at night. In 
addition, there was considerable local tenderness to pressure. However, there was no 
local heat or redness, and no thickening of the affected bone region was noted by palpa- 
tion. On the basis of the clinical and roentgenographic findings, Dr. Kenin suspected 
that he was dealing with an osteoid-osteoma arising in the shaft cortex of the upper end 


of the femur: 


Roentgenographic, Operative, and Pathological Findings 
In the roentgenogram of the affected femur (Fig. 15) it was noted that, for about 
seven centimeters below the greater trochanter, the cortex was thickened laterally. The 
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Fig. 13 
Case 4. Photomicrograph (low magnification) showing a section prepared from 
the slice of tissue described under Fig. 12. Note the osteoid-osteoma set in, but 
f clearly differentiated from, the adjacent thickened cortex. The latter consists 
largely of relatively new bone of periosteal origin. The more compact osseous tissue 
in the lower left-hand corner represents original cortical bone. 


‘ 


Fic. 14 


Case 4. Photomicrograph (medium magnification) showing histological details 
of a portion of the osteoid-osteoma. Note that osteoid and trabeculae of atypical 
bone are developing in a substratum of rather vascular osteoblastogenic connective 
tissue containing a scattering of osteoclasts. 
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Fig. 15 


Case 5. Roentgenogram show- 
ing thickening of the femoral cor- 
tex for some distance below the 
greater trochanter. Near the up- 
per end of the thickened cortex, 
there is a small lozenge-shaped 
area of rarefaction. 


thickening had taken place through deposition 
of new bone on the periosteal surface of the cortex, 
the outline of the medullary canal showing no 
obvious modification. Near the upper end of the 
thickened part of the cortex, there was a small, 
lozenge-shaped area of rarefaction, about one 
centimeter in its long axis and five-tenths of a 
centimeter in its transverse axis. This rarefaction 
was also manifest, although in a more rounded 
form, in the roentgenogram of the femur taken at 
an oblique angle. 

A block of bone, representing most of the af- 
fected area and measuring about five centimeters 
in length, two and five-tenths centimeters across 
its widest portion, and one and five-tenths cen- 
timeters across its thickest part, was submitted for 
study. It was found to be composed mainly of 
thickened cortex, which the surgeon had difficulty 
in cutting through with bone chisels. The under- 
lying medullary cavity was found not to be oblit- 
erated. No culture swabbings were taken from 
the site of operation. The wound was closed 
tightly without drainage, and healing took place 
by primary union. Within a few days, the pa- 
tient was completely free of his preoperative com- 
plaints, and he has remained so. 

The resected block was laid flat and x-rayed, 
and in the roentgenogram (Fig. 16, A) the area of 
rarefaction showed some details which had not 
been visible in the preoperative roentgenograms. 
The block was then sliced transversely into sec- 
tions about five millimeters in thickness. These 
sections showed that the area of rarefaction (one 
centimeter by five-tenths of a centimeter) repre- 


Fia. 16 


Case 5. A: Roentgenogram of the resected block. Note that the area of rare- 
faction shows a sort of opaque ring within it. 

B: Photograph of one of three transverse slices of bone cut from the resected 
block through the area of rarefaction. Note that the latter corresponds to a cir- 
cular nidus (the osteoid-osteoma), which is situated in the zone between the original 
and the newly deposited cortical bone. 

C, D, and E: Roentgenogram of these three slices, also laid flat. Note that in 
C the area corresponding to the osteoid-osteoma is barely distinguishable, while in 
D it is very clear and in £ it is again less clear. This is so because at D the osteoid- 
osteoma ran through the whole thickness of the slice, while at C and £ it did not. 
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sented a calcifying nidus, reddish at its periphery and whitish at its center (Fig. 16, B). 
It was situated in the zone between the original and the newly deposited cortical bone, 
and extended about equally into both. A roentgenogram of the slices of bone containing 
the nidus showed even more details (Figs. 16, C, 16, D, and 16, £). It revealed even 
more clearly that the nidus was situated between the old and the new cortical bone and 
that the thickening of the cortex was to be accounted for largely, if not exclusively, by 
periosteal new-bone deposition. 

All of the blocks were embedded and sectioned for detailed histological study, and 
serial sections were prepared from those containing the nidus. The latter (Fig. 17) could 
clearly be seen to be embedded between the original and the newly deposited cortical 
bone. Large areas were composed of trabeculae and patches of calcifying osteoid and 
atypical bone (Fig. 18). Interspersed between these, and elsewhere also, there was 
vascular osteoblastogenic connective tissue. In many places in this bone-forming 
connective tissue, intercellular collagenous substance was present, indicating the first 
stages of osteoid formation. Osteoclasts were observed scattered through the lesion. 

The nidus as a whole was clearly delimited from the surrounding cortical bone. 
Here and there, however, a trabecula at its periphery fused with this bone. The adjacent 
original cortical bone showed enlargement of many of its vessel canals, which contained 
a fatty fibrillar marrow. The few spongy trabeculae inserted in it were not thickened, 
although the intertrabecular marrow was also fibrofatty. The newly deposited periosteal 
bone adjacent to the nidus also presented large vessel spaces, containing an even more 
The condition of bits of periosteum attached to the outer surface of the 


fibrous marrow. 
In the sections of the 


sections showed that this tissue had undergone fibrous thickening. 
cortical blocks from areas above and below the nidus, the changes present were of the 
same order, though less severe. Nowhere (in the periosteum, cortex, or nidus itself) in 
the great numbers of sections examined was there any evidence that active inflammation 


was or had been present. 


Fic. 19 
Case 6. Roentgenogram showing a hump-like 
thickening of the tibial cortex, with a small, 
roundish focus in the middle. 


Fic. 20 

Case 6. Photograph of a transverse slice of 
bone cut from the resected cortical block through 
the area containing the focus shown in Fig. 19. 
This focus (the osteoid-osteoma) stands out 
Fig. 20 fairly well in contrast to the adjacent bone. 
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Summary: This is a case of osteoid-osteoma in the shaft cortex of a 
long bone, in which the growth was entirely intracortical and specifically 
was situated between the original and the newly deposited cortical bone. 
Although the condition was of relatively brief standing so far as clinical 
complaints were concerned, much of the osteoid had already become 
calcified or had already been converted into atypical bone. Nevertheless, 
the osteoid-osteoma itself showed up in the preoperative roentgeno- 
grams as a rarefaction shadow. Such a shadow has ordinarily been mis- 
interpreted as representing a cortical-bone abscess, which clearly it was 
not. 

Case 6. The patient was a girl, eighteen years of age, who was treated at the Hos- 
pital on the Service of Dr. Harry Finkelstein. Ten months before admission, she had 
noted the gradual onset of a dull, boring pain over the region of the mid-shaft of the left 
tibia on the medial surface. At first the pain had been intermittent, but in the course of 
some months it began to recur more and more frequently, until it became constant. The 
pain did not radiate and was not associated with numbness or sensory changes. The 
patient’s general health was good, and the development of the local disorder was not asso- 
ciated with any special trauma or with fever. There were no complaints referable to 
any part of the body other than the left lower extremity. 

Physical examination revealed slight atrophy of this extremity.. However, there 
was no limp or limitation of motion. Deep palpation of the middle of the shaft of the 
tibia posteriorly revealed a vaguely delimited area of thickening, which was very tender 
to pressure. On the basis of the clinical and roentgenographiec findings, it was already 
suspected before the operation that the patient was suffering from an osteoid-osteoma 
of the tibia. 


Roentgenographic, Operative, and Pathological Findings 

In the roentgenogram (Fig. 19) the cortex of the mid-shaft of the tibia showed a 
hump-like thickening along a distance of eight centimeters. The thickening had clearly 
resulted from periosteal new-bone deposition. At the crest of the hump, the cortex was 
nearly two centimeters thick. Almost exactly in the center of the thickened area, be- 
tween the old and the newly deposited cortical tissue, there was a very small, roughly 
circular area of rarefaction, in turn containing a denser area. The outline of the major 
marrow cavity was preserved, and no new bone was apparent within it. 

The surgeon resected a block of cortex, including the entire area of thickened tibia 
just described. The underlying medullary cavity was found not to be obliterated. Cul- 
ture swabbings were taken from both the periosteal and the medullary surfaces of the 
block. The cultures from the periosteal-surface swabbings remained sterile, while those 
from the medullary-surface swabbings grew out a pathogenic staphylococcus aureus. 
It should be noted, however, that in taking these swabbings one could not have touched 
the area represented by the rarefaction shadow, since this area was buried deep in the 
thickened cortex (Fig. 20). It was concluded that the bacteria cultured were of extrane- 
ous origin. Indeed, within a few days, there was high fever, and when the wound, which 
had been tightly closed, was opened, the staphylococcus aureus and the streptococcus 
hemolyticus were cultured from the pus in it. Still worse, a few days later, the leg 
showed evidence of a gas-bacillus infection, and Welch’s bacillus was also cultured from 
the pus. Clearly, then, the entire postoperative course in this case was one indicative 
of an imposed infection. 

The block of bone removed at operation measured eight centimeters in length, two 
and five-tenths centimeters across at its widest point, and one and seventy-five hun- 
dredths centimeters through at its highest point. It was composed of cortex showing a 
hump-like thickening. When cut across, the thickened cortex showed, well within its 
substance, a somewhat eccentrically placed ossified nidus measuring three millimeters in 
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transverse diameter and probably no more than four millimeters in lengthwise diameter. 
This focus corresponded to the area of rarefaction also observed in the preoperative 
roentgenogram. 

Microscopically, this nidus (Figs. 21 and 22) was found located at a point on the line 
of juncture between the old and the newly deposited cortex. It was clearly delimited 
from the neighboring osseous tissue, although at its periphery some of its trabeculae had 
attached themselves to this tissue. The nidus consisted of irregular, thick trabeculae of 
atypical bone set in a substratum of osteoblastogenic connective tissue. The latter was 
only moderately vascular. The perifocal bone showed fairly large vascular spaces, con- 
taining connective-tissue elements in moderate amount. Nowhere in the lesion or in the 
perifocal bone was there any evidence of inflammation or infection. 


Summary: This is a case of osteoid-osteoma developing in the shaft 
cortex of the tibia. The clinical and roentgenographic findings ade- 
quately suggest this. Hitherto, a case of this type would most commonly 
have been considered as one of sclerosing non-suppurative osteomyelitis, 
or osteomyelitis chronic from the beginning. The infection which set in 
after the operation represents an unfortunate complication. Nowhere 
in the sections studied microscopically could any indications of preexisting 
infection be found. 


CasE7. The patient was a girl, ten years of age, who was admitted to the Hospital 
under the care of Dr. D. R. Telson. She stated that, about one and one-half years before, 
she had fallen from a tree and sprained her right ankle, but that the pain and swelling 
associated with the fall had disappeared in the course of a week. For about a year after- 
ward, she apparently had had no difficulty referable to this part. For seven months 
before admission, however, she had again been complaining of pain in the right leg and 
foot. This pain had set in abruptly, without immediate cause. It was dull and aching 
in character and radiated to the knee. At first it was intermittent and worse at night. 
Recently, it had also been bothering her during the day. She had no other complaints 
relevant either to bones and joints or to her general health. She had not felt feverish 
and had not lost weight. 

The general physical examination yielded no remarkable findings, and even the right 


Fig. 23 
Case 7. Roentgenogram showing fusiform enlargement of part of the tibia. 
In the affected region, the cortex is thickened, and the major marrow cavity 
appears largely filled in. Note that no annular or lozenge-shaped area of rare- 
faction or opacity is apparent in this roentgenogram. 
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lower limb showed no obvious abnormalities. Specifically, the affected foot and ankle 
revealed no swelling, discoloration, or increased local heat. Palpation did elicit some 
tenderness to direct pressure on the tibia posteriorly and above the medial malleolus. 
However, there was no muscle atrophy, and articular function was intact. Having 
profited by his experience in another case, Dr. Telson suspected that he might be dealing 
with an osteoid-osteoma, and this case proved to be very instructive, especially from the 


roentgenographic point of view. 


Roentgenographic, Operative, and Pathological Findings 
The preoperative roentgenogram (Fig. 23) revealed that the middle third of the 
tibia, over a distance of about ten centimeters, had become thickened. The thickening 
was due to periosteal new-bone deposition and was most pronounced on the posterior and 
lateral aspects, the bone in the region in 
| question appearing more or less fusi- 
form. The outline of the medullary 
cavity in the affected region could still 
be traced, but the cavity seemed also to 
contain considerable new bone. What 
the roentgenogram failed to show (it is 
true that none of the plates were over- 
exposed) was the presence of an annular 
or lozenge-shaped area of rarefaction or 
of opacity, such as, in view of experi- 
ence with other cases, would have given 
Fic. 24 support to the clinical diagnosis of oste- 
Case 7. Roentgencgram of block of bone oid-osteoma. However, such a shadow 
as resected. Note that a faintly delineated, was visible in some of the serial slivers 
lozenge-shaped area, which was not visible cut from the block of bone removed at 

in Fig. 23, can now be detected. operation. 


Fig. 25 
Case 7. A, B, and C: Photograph of the three transverse slices cut from the re- 


sected block through the region of the lozenge-shaped area seen in Fig. 24. Note, 
in each sliver, the circular core (the osteoid-osteoma) situated on the medullary side 
of the cortex. 

D, E, and F: Roentgenogram of these three slices in the same order. In D, the 
osteoid-osteoma shadow is rather faint; in FZ, it stands out clearly; and in F, it is 
only barely perceptible. The clarity of the focus in EF is due to the fact that the 
lesion extended through the entire thickness of that sliver. In the other slivers it 
did not go all the way through and is correspondingly less plain. 
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This block consisted of a good portion of the middle third of the posterior half of the 
tibia. Culture swabbings were taken from the site of the ostectomy, but these remained 
sterile. The wound was closed without drainage and healed by primary union. The 
patient was in the Hospital for about two weeks, and for several days before her discharge 
she was free from the pain for which she had been admitted. 

On gross examination, the piece of bone removed was found more or less pointed at 


ses 


Fig. 26 
Case 7. Photomicrograph (low magnification) showing the osteoid-osteoma 
situated deep in the cortex and standing out clearly in contrast to the surrounding 
cortical bone. 


Fic. 27 
Case 7. Photomicrograph (medium magnification) of the lesion shown in Fig. 26. 
Note the compacted trabeculae of highly calcified atypical bone comprising the 
lesion at this advanced stage. 
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both ends and roughly hemicylindrical in 
its mid-portion. In this region, the cor- 
tex measured from eight to ten millimeters 
in thickness. In an effort to bring out 
details which the preoperative roentgeno- 
gram had failed to reveal, the excised 
block was first x-rayed as a unit. Only 
the barest outline of the core which we 
were looking for was made apparent in 
this way, however (Fig. 24). The block 
was then sliced transversely into serial 
slivers, each of which was about eight 
millimeters in thickness. In three of 
these slivers a core stood out (Figs. 25, A, 
25, B, and 25, C). It’was situated on the 
medullary side of the cortex, was circular 
in outline, and measured about five milli- 
meters in its transverse diameter. From 
its appearance in the successive slivers, it 
was further estimated that the core ex- 
tended about one and five-tenths centi- 
meters vertically. It consisted of a 
highly ossified nidus of bone, which was 
delimited from the neighboring cortex and 
spongiosa by a narrow zone of injected 
Fig, 28 tissue. When these slivers were x-rayed 
Case 8. Roentgenogram showing a peri- (Figs. 25, D, 25, E, and 25, F) the focus 
osteal osteoid-osteoma represented by the pea 
roundish protuberance attached to the stood out extremely well in the sliver in 
phalanx. 


which it was present throughout the 
whole thickness, and less clearly, of 
course, in the two adjacent slivers, in which it did not extend through the entire 
thickness. 

Microscopically, the nidus was found to be composed of compacted trabeculae of 
highly calcified atypical bone (Figs. 26 and 27). In stating that the bone was atypical, 
we mean that histologically it resembled neither typical fibrous bone nor typical lamellar 
bone. Many of the trabeculae were lined to a large extent by osteoblasts. Where a 
lining of osteoblasts was absent, osteoclasts and Howship’s lacunae could be found abut- 
ting upon the trabeculae. Between the latter there was a fairly vascular connective- 
tissue stroma. 

At its periphery, the nidus was for the most part clearly delimited from the adjacent 
cortex on the one hand and the spongiosa on the other. Here and there, however, an 
occasional trabecula of the nidus was becoming adherent to the perifocal bone. The 
perifocal cortical bone was more or less spongy, and the enlarged vessel spaces contained 
fibrofatty marrow. Furthermore, the line of demarcation between the newly deposited 
and the original cortical bone was not sharp. The perifocal spongy bone also presented 
a fibrofatty intertrabecular marrow. 


Summary: This is a case of osteoid-osteoma arising in the shaft cortex 
of the tibia of achild. It developed in the medullary surface of the cortex. 
The reactive thickening which it provoked in the cortex was pronounced 
and widespread. It was because the ossified nidus representing the 
osteoid-osteoma was overshadowed by the thickened cortex that this 
nidus failed to stand out in the preoperative roentgenogram and was only 
discovered on serial slicing of the resected block. 
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Fig. 29 
Case 8. Photomicrograph (medium magnification). Note that the 
osteoid-osteoma has a substratum of osteogenic connective tissue, containing 
trabeculae of bone and osteoid, and that it is covered by periosteum, be- 
neath which is a thin shell of bone. 


Fig. 30 

Photomicrograph (medium-high magnification) from a case of osteoid-osteoma 
in which many portions of the lesion still showed pronounced cores of proliferating 
and compacted osteoblasts. In other areas, some osteoid had already been de- 
posited. The patient was a boy of thirteen, whose roentgenogram showed a small- 
ish, rarefied area in the spongiosa of a femoral condyle, surrounded by an area of 
osteosclerosis. He gave a typical history, and excision of the lesion resulted in 
prompt cure. Parts of the lesion are still so cellular that it could be mistaken for a 
somewhat atypical giant-cell tumor or an “osteoblastoma”. 
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Cases of this type are usually misinterpreted as instances of sclerosing 
non-suppurative osteomyelitis or osteomyelitis chronic from the begin- 
ning. They are also sometimes held to represent sclerosing osteogenic 
sarcoma before the diagnosis is changed to one of the diagnoses just 
mentioned. Furthermore, before the era of serodiagnostic tests for 
syphilis such cases were not infrequently misinterpreted as instances of 
non-gummatous syphilitic osteoperiostitis. 

Case 8. The patient was a young woman, twenty-four years of age, who was 
treated at the Hospital on the Service of Dr. H. D. Sonnenschein. She was admitted 
because of a swelling near the base on the radial aspect of the fourth digit of the left 
hand. The swelling had been present for two years, but up to the past eight months 
had not been pronounced. Since then it had increased rapidly, and at the time of ad- 
mission it was beginning to irritate the contiguous part of the middle finger. However, 
the enlarged area itself was not painful at any time. No special trauma had been noted 
in connection with the development of the condition. 

The physical examination yielded no relevant findings, except the ones relating to 
the affected digit. The latter presented a marble-sized, firm swelling of the proximal 
phalanx on its medial aspect. It was firmly attached to the bone and was not tender 
to palpation except at its proximal end. On the basis of the clinical and roentgeno- 
graphic findings, it was held that the lesion was an osteochondroma arising from the 


phalanx. 
Roentgenographic, Operative, and Pathological Findings 

The roentgenogram (Fig. 28) showed a rounded, bony protuberance, about one 
centimeter in diameter, connected with the cortex of the affected phalanx. This cortex, 
on the medial aspect, had evidently undergone some thickening. The surgeon exposed 
and removed the growth, which was found attached to the thickened cortex. 

The specimen received in the laboratory consisted of a small semilunar osseous mass. 
Microscopically, it was found that the growth was covered on its convex surface by 
periosteum, beneath which was a thin shell of periosteally formed new bone (Fig. 29). 
The growth as a whole was composed of a substratum of osteogenic connective tissue, 
containing many irregular trabeculae of bone and osteoid. On the deep surface of the 
lesion, some osseous fragments were found, which apparently represented the original 
cortical bone of the phalanx. 

Summary: This is a case of osteoid-osteoma in which the growth 
began under the periosteum and essentially remained there. Although 
the phalangeal cortex in the vicinity of its origin did become thickened, 
the growth itself did not become incorporated into and surrounded by 
this cortex. The absence of pain in this case would in itself have been a 
point against a diagnosis of osteoid-osteoma, since, in general, pain is a 
significant clinical feature of the condition in question. The freedom from 
pain in this instance seems to be attributable to the subperiosteal loca- 
tion of the growth, which permitted a sort of decompression of the latter. 


TREATMENT 


Surgery was the method of treatment used, and it gave prompt 
clinical cure. In some of our cases it consisted in removal of the osteoid- 
osteoma proper and some curettage of the perifocal bone. In others, 
especially when the osteoid-osteoma had developed in a shaft cortex, the 
growth was removed more or less intact in its bed of neighboring bone. 
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In fact, in some instances, the lesion was given a fairly wide berth, a 
rather large block of the adjacent bone being resected with it. While 
such wide resection is not altogether necessary, it has had the advantage 
of permitting satisfactory study of the pathology of the condition. In- 
deed, if, instead of block resection, only curettage is done, the osteoid- 
osteoma is likely to be destroyed for purposes of pathological study. It 
is true that the therapeutic end result would probably be the same with 
curettage. However, it is largely the customary use of curettage, with 
consequent destruction of the lesion in cases of osteoid-osteoma (mis- 
diagnosed as some form of chronic osteomyelitis) that has delayed so 
long the histological identification of osteoid-osteoma. 

Whether roentgenotherapy would cure the condition as surgery 
does, we cannot state. Up to the present, we have been grateful for 
the opportunity to study the excised specimens in order to become really 
familiar with the lesion. To one who thinks it advisable to have a 
biopsy specimen before undertaking roentgenotherapy, it can be pointed 
out that, since in cases of osteoid-osteoma the lesion is small, one usually 
may as well make the complete excision. However, at a future time, 
roentgenotherapy should be tried for some of these cases, especially if 
the lesion is in a site which is difficult to approach surgically, such as 


a vertebral body. 


DISCUSSION AND LITERATURE 


In accordance with the reasons given in the previous paper on osteoid- 
osteoma, we still interpret this lesion anatomically as a benign neoplasm 
of bone. On the other hand, the impression that the cases which we are 
classifying as instances of osteoid-osteoma have an infectious inflamma- 
tory basis is deeply ingrained in the minds of roentgenologists and sur- 
geons. Nevertheless, it seems very clear to us that a great many cases 
which, in the past, have been interpreted specifically as ‘‘osteomyelitis 
with annular sequestrum”’, “chronic bone abscess”’, ‘‘osteomyelitis with 
cortical-bone abscess”’’, ‘‘sclerosing non-suppurative osteomyelitis’’, 
“osteomyelitis chronic from the beginning”’, etc., actually belong in the 
category of osteoid-osteoma. That is, they have as their common ana- 
tomical basis a distinctive benign osteoid and bone-forming tumor, of 
slow and limited growth, which, in the course of its development, is 
likely to provoke reactive perifocal new-bone formation, sometimes of 
considerable extent. Much of the misunderstanding of the condition 
has resulted from concentration of attention upon this perifocal reaction 
instead of upon the lesion proper. In fact, unless the latter is removed 
(preferably intact in its bed of bone) and submitted for microscopic 
study, the true significance of the case may be missed, as it usually is. 


Evidence Against the Idea of an Inflammatory Basis for the Lesion 
Our experience with osteoid-osteoma covers thirty-three cases, 
varying as to the site affected, the duration of the clinical complaints, and 
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the stage of evolution of the lesion. If the idea of an infectious 
inflammatory basis had any validity, we should have found clear- 
cut evidence of inflammation in at least a few instances. Even micro- 
scopically, we did not find it in a single case, either in the lesion proper 
or in the perifocal tissue. Specifically, we failed to find microscopic 
evidence either of acute or of chronic pyogenic infection. The micro- 
scopic findings did not even support the assumption that a pyogenic 
inflammation had been present and had subsided, and that one was now 
looking at its residua. It should be noted that, at a site of previous 
pyogenic inflammation, some microscopic stigmata of the latter usually 
persist even after the condition is well on the way to clinical resolution. 
Since in all of our cases the lesion was still clinically active and, neverthe- 
less, showed no signs of inflammation, it is clear that it could not be based 
upon pyogenic inflammation. Furthermore, this is borne out by the 
results of bacteriological examination. In every instance in which cul- 
ture swabbings were taken from the osteoid-osteoma proper, the cultures 
have remained sterile, under both aerobic and anaerobic conditions. 

And still, clinically and roentgenographically, the cases which we 
have discussed under the heading of osteoid-osteoma have for a long time 
been held to have an infectious inflammatory basis. Commonly they 
are interpreted as cases of sclerosing osteomyelitis, bone abscess, or a 
combination of the two. Instances of osteoid-osteoma developing in the 
shaft cortex of long bones have, in particular, been misinterpreted as 
vases of so-called sclerosing non-suppurative osteomyelitis of Garré. 
How and through whom these cases came to have this name attached to 
them we do not know. It is clear, however, that to apply it to them 
is not only incorrect in itself, but it indicates a misunderstanding of what 
Garré himself described under this heading. 

On going back to Garré’s original paper ? of 1891, one notes first that 
the article as a whole is entitled: “‘ Einige seltene Erscheinungsformen der 
akuten infektidsen Osteomyelitis’? (‘Some Unusual Expressions of Acute 
Infectious Osteomyelitis’’). He discusses as one of a number of expres- 
sions of acute osteomyelitis ‘the sclerosing non-suppurative form”. In 
this connection, he specifically states: “I wish to designate as sclerosing 
forms those infectious osteomyelitides which leave behind merely a dis- 
tension and thickening of the bone, without leading to the development 
of suppuration and fistula formation. They set in in typical fashion quite 
acutely, at least in the majority of cases, and run their course with high 
fever, swelling of the extremity, painfulness and distension of the bones, 
and indeed even with considerable infiltration of the soft parts, which 
permits the expectation of prompt formation of abscesses. Instead, 
however, the infiltration regresses quite slowly, while the fever has al- 
ready dropped and the patient is advancing slowly toward healing. 
Nothing remains but a more or less considerable distention of the bone.” 

In another paper * with a similar title, published in 1893, Garré re- 
peats the essentials.of this definition in connection with such cases. Ina 
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paper by Peters " from Garré’s Clinic, published in 1919, Garré’s original 
definition is modified by the statement that sequestra and even fistulae 
develop in some cases of the so-called sclerosing non-suppurative form of 
acute infectious osteomyelitis. 

That the cases to which Garré referred under the aforementioned 
heading could by no stretch of the imagination be regarded as resembling 
those which are being described in the present paper should be clearly 
apparent. In our cases, neither the onset nor the course of the condition 
was associated with fever, the patients never presented sequestration of 
bone or fistulization, and there was no clinical indication whatever of 
infection. What Garré was really describing were instances of acute 
osteomyelitis, as he himself stated. His own descriptions of these cases 
were written before the era of the roentgen ray in medicine. Further- 
more, they preceded the general use of prompt incision and drainage in 
the treatment of pyogenic bone infections. Hence, the sequestra which 
must have formed were neither demonstrated roentgenographically nor 
exposed by operation upon the affected bone. It was only natural that 
he changed his mind about the “sclerosing non-suppurative form of 
osteomyelitis’? when, in the course of years, the sequestra were expelled 
spontaneously through fistulization. 

More plausibly, cases of osteoid-osteoma involving the shaft cortex 
of a long bone have been misinterpreted as instances of “osteomyelitis 
chronic from the beginning”’ (“chronique d’emblée”’). For example, some 
of the cases discussed in Loiret’s thesis § of 1924, “ Contribution a l'étude de 
Vostéomyélite chronique d’emblée des os longs”, are undoubtedly of this 
type. Those discussed by Laffaille 7 under the title “De l’ostéomyélite 
chronique demblée a forme pseudo-tumorale” are probably also of this 
kind. Indeed, a search of the literature on osteomyelitis reveals, under 
these general headings or slight variants of them, a large number of 
papers (especially in French) describing cases which, to our minds, seem 
clearly to represent instances of osteoid-osteoma developing in long bones. 
In this group of cases, it is at least plain that there was no question, in the 
minds of the writers, of frank clinical pyogenic osteomyelitis. On the 
other hand, it is true that no anatomical description is given in these 
papers, which would enable one to establish unequivocally the presence 
of an osteoid-osteoma. 

Furthermore, there are a few cases which, despite the presence of 
such revealing anatomical data, have, nevertheless, been misinterpreted 
as cases of osteomyelitis. One instance in point is the case described by 
Heine * in 1927 under the title Einheilender Knochensequester an der 
Grundphalanx des Ringfingers” (‘Bone Sequestrum in Process of Rein- 
corporation into the Basal Phalanx of the Ring Finger’). The patient 
was a farmer, twenty-six years of age, who had had complaints referable 
to the left index finger for over two years. A roentgenogram, taken some 
time before this finger was disarticulated, showed, in the distal metaph- 
ysis of the basal phalanx, a roundish, radiopaque shadow, which was 


VOL. XXII, NO. 3, JULY 1940 


} 
‘ 
‘ 


676 H. L. JAFFE AND L. LICHTENSTEIN 


thought to represent a ‘‘sequestrum”’. Anatomically, too, the lesion 
represented by the shadow was regarded by Heine as a sequestrum. 

However, the microscopic findings which Heine himself records do 
not support thisinterpretation. In the first place, he makes no mention of 
any dead bone or evidence of inflammation in the lesion in question. 
Furthermore, he states that it is composed substantially of osteoid, 
which is undergoing spotty calcification and which has developed out of a 
vascular spindle-cell connective tissue. To accept this as a sequestrum— 
even an organizing one—is to discard all the generally accepted criteria 
of what a sequestrum is. Certainly no unequivocal sequestrum that we 
have seen has contained anything like this structure within or near it. It 
seems clear to us, on the basis of Heine’s own detailed description, that what 
he was calling an organizing sequestrum was actually an osteoid-osteoma. 

Phemister ", too, has reported, under the general heading of osteo- 
myelitis, several cases which seem to us to represent clear-cut instances of 
osteoid-osteoma. At least one of the cases recorded in his article of 
1929, entitled ‘Chronic Fibrous Osteomyelitis”, is of this type. Again, 
in his chapter on pyogenic osteomyelitis in the monograph ‘‘ Orthopedic 
Surgery’’, edited by Ghormley in 1938, Phemister * reports some cases 
which are of this kind. They are discussed under the heading of ‘‘local- 
ized osteomyelitis with a chronic onset”’. Specifically, he conceives the 
cases in question as representing the healing stages of acute but localized 
and low-grade or attenuated pyogenic bone infections. This idea is based 
upon the hypothesis that ‘‘were it possible to observe the pathology at 
the onset, there probably would be some evidences of acute pyogenic in- 
fection, but of mild degree and without extensive necrosis of bone’’. 

Phemister adheres to his conception, despite the fact that he had 
been unable to grow bacteria out of any of his lesions, that microscopi- 
cally there was no evidence of inflammation in them, and that the lesion 
sometimes reminded him of giant-cell tumor or of the organizing stage of 
osteitis fibrosa. We cannot go along with him when he thus postulates 
for certain cases an infection basis which is left hypothetical by his own 
anatomical and bacteriological findings. On close analysis, even the 
clinical findings in these cases fail to support this hypothesis, although 
superficially they may seem to do so when the lesion is in the shaft 
cortex of a long bone. 

Another kind of evidence, too, can be offered against the idea of an 
infectious inflammatory basis for the lesion being designated as osteoid- 
osteoma. This evidence is our failure to find, in an extensive experience 
with tissue from unequivocal cases of pyogenic osteomyelitis, anything 
like this lesion in connection with it. Indeed, we have studied material 
from cases of osteomyelitis, varying widely as to location, duration, and 
severity, without ever noting microscopically an area presenting the 
composite histological picture of osteoid-osteoma. We have likewise been 
unable to find this picture in the few anatomically proved cases of solitary 
bone abscess which we have seen. In them, the abscess cavity remains 


THE JOURNAL OF BONE AND JOINT SURGERY 


| 
> 
‘ 
ee 
“Se 


OSTEOID-OSTEOMA 677 


lined by a pyogenic membrane and filled with pus, either frank or modi- 
fied. In the course of time, a solitary abscess cavity may diminish in 
size, but we have never found it being filled by osteogenic connective 
tissue, containing calcifying osteoid and bone, such as constitutes the es- 
sential tissue of an osteoid-osteoma. 


Evidence Against the Idea That the Lesion Represents a Peculiar Healing or 
Reparative Form of Some Familiar Condition 

It would not be surprising if this idea were suggested as an alter- 
native to that of inflammation. It might be argued, for instance, that 
the lesion represents a peculiar healing reaction to a trauma. However, 
in more than half of our cases the patients gave no history of trauma 
relevant to their complaints. Assuming that there had been a relevant 
acute trauma, the principal possibilities to be considered would seem to 
be fracture, hemorrhage without fracture, or aseptic necrosis. 

As to the possibility that we are dealing with the repair of a post- 
traumatic necrosis, there is nothing in the pathology of our cases to sug- 
gest this. Indeed, there is no vestige of aseptic necrosis, either in the 
osteoid-osteoma proper or in the perifocal osseous tissue. The idea of 
development of the lesion at a site of hemorrhage without fracture is also 
unacceptable. Notably, it is difficult to conceive, in relation to long 
bones, a hemorrhage sharply restricted to a small area within the cortex 
itself or in its periosteal or medullary surface. Even the occurrence of a 
sharply localized hemorrhage in the spongiosa is difficult to conceive. 
Furthermore, even granting the possibility of such a hemorrhage, one 
still finds it difficult to explain the osteoid-osteoma as the expression of 
its atypical organization and repair. Certainly, if this were the correct 
interpretation, we should have found somewhere in the numerous slides 
prepared from the specimens in our thirty-three cases some unequivocal 
indications of organization and repair following hemorrhage. As to the 
possibility that osteoid-osteoma represents a peculiar healing reaction 
to an infraction or small fracture, it is only necessary to note that, if this 
were the case, we should have found cartilage in some specimens as an 
expression of callus formation. 

The possibility that the lesion might represent a peculiar healing form 
of giant-cell tumor, “localized osteitis fibrosa”’, or cyst also requires 
mention. In regard to giant-cell tumor, it is well known that this has a 
predilection for epiphyses of long bones. On the other hand, in all but a 
few of the many instances in which osteoid-osteoma appeared in these 
bones, it developed in the shaft cortex at some distance from an epiphysis. 
It might be thought that this abnormal site of origin could in itself ac- 
count for the failure of the hypothetical giant-cell tumor to attain large 
size. Against this point there is the fact that when an osteoid-osteoma 
does develop in an epiphysis it still remains a smallish lesion. Finally, 
the cytological pattern of osteoid-osteoma is not to be found in typical 
giant-cell tumor. Altogether, then, there is no reason for regarding an 
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osteoid-osteoma as a giant-cell tumor, even one that is abortive or under- 
going abnormal healing. 

To classify osteoid-osteoma under the heading of “localized osteitis 
fibrosa’’ might be tempting, but is not illuminating. Indeed, “localized 
osteitis fibrosa”’ is a “‘waste-basket”’ term in bone pathology, holding 
many ill-assorted concepts. For instance, solitary bone cyst is still 
sometimes regarded as one expression of “localized osteitis fibrosa’’, of 
which another is supposed to be giant-cell tumor. Furthermore, the 
literature contains many reports on cases of solitary fibroma and fibrous 
dysplasia of bone also discussed under the heading of “localized osteitis fi- 
brosa’’. One may then very well ask: “‘ What 7s localized osteitis fibrosa 
We know of no sensible answer to this question. Therefore, to classify 
osteoid-osteoma as a ‘‘localized osteitis fibrosa’’ only throws one more 
entity into the waste basket. Finally, the idea that an osteoid-osteoma 
might represent the healing stage of a bone cyst is obviously far-fetched. 


Evidence Against the Idea That the Lesion Originates from an Embryonic Rest 


The supposition that an osteoid-osteoma might represent an embry- 
onic rest, either static or growing, can likewise be controverted. In the 
first place, it is known that simple rests in bone do not give rise to clinical 
symptoms. Furthermore, the most common rests are cartilaginous ones, 
and no trace of cartilage is to be found in an osteoid-osteoma. It is true 
that cartilaginous rests not infrequently undergo transformation into 
bone, resulting in enostoses, but this transformation is not associated 
with any clinical symptoms. Indeed, solitary or even multiple enostoses 
(the so-called “‘bone flecks’’) are encountered only accidentally by the 
roentgenologist or by the pathologist. They are most likely to be found 
in the spongiosa of long bones. They consist of nests of compacted trabec- 
ulae of adult lamellar bone, distinguished from the neighboring normal 
trabeculae only by this denser consistency. Thus, being in spongiosa, a 
solitary bone fleck bears a superficial roentgenographic resemblance to a 
highly ossified osteoid-osteoma in such a location. However, even in such 
a site, an osteoid-osteoma ought not to be confused with a solitary bone 
fleck. In our experience, an osteoid-osteoma, even when present as a radio- 
paque nidus in spongiosa, still gives rise to clinical complaints. Further- 
more, as must be clear from our discussion of the microscopic appearances, 
it differs also histologically from a solitary enostosis (Figs. 4, 5, and 6). 


Reasons for Interpreting Osteoid-Osteoma as a Benign Tumor of Bone 


From the clinical and pathological findings and the individual case 
reports, it seems justifiable to deduce that osteoid-osteoma represents a 
lesion sui generis.* In all our cases, we were able to demonstrate within 

* We shall cite here the opinion of Dr. James Ewing as to the nature of the lesion. 
After we had submitted our manuscript for publication we showed him our material, 
requesting his comments. We did this because of the tenacity of the old belief, on clini- 
cal and roentgenographie grounds, that cases such as we are discussing under the head 
of osteoid-osteoma have an infectious inflammatory basis, and because of the fact that 
our own opinion contrasts so strongly with this long-accepted belief. 
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the affected bone area a small, sharply delimited focus composed of vary- 
ing proportions of osteoid and more or less calcified atypical new bone, 
and developing, as cases representing different stages revealed, out of a 
cellular osteogenic connective tissue. In its evolution, the lesion fol- 
lows a consistent pattern: It passes from (1) an initial stage, in which 
actively proliferating and compacted osteoblasts may be prominent 
(Fig. 30), through (2) an intermediate phase, in which osteoid in various 
stages of calcification is conspicuous (Figs. 6 and 22), to (3) the mature 
stage, in which the lesion resembles an osteoma composed of densified 
trabeculae of highly calcified atypical bone (Figs. 26 and 27). The fully 
evolved osteoma is so distinctive in its microscopic appearance that one 
‘an recognize it at a glance. , 

Moreover, osteoid-osteoma develops without apparent cause and 
‘cannot plausibly be ascribed to infection, however low-grade, to trau- 
matic injury, or to any other demonstrable factor, for reasons indicated 
in the preceding discussion. The focus of atypical new bone thus de- 
veloping apparently constitutes an autonomous lesion displacing the 
bone that would normally occupy the region and pursuing its full course 
of evolution unless interrupted by surgical intervention. To be sure, the 
presence of the slowly expanding focus is usually associated with pro- 
nounced sclerosis of the neighboring osseous tissue, and indeed, when it 
develops in a shaft cortex, the lesion may become incased in the thickened 
and sclerotic cortical bone. However, the sclerotic perifocal osseous tissue 
in no way resembles the lesion proper, which always maintains its identity. 

Taking all these factors into consideration, it seems to us that osteoid- 
osteoma satisfies the criteria generally laid down by oncologists for a 
tumor or new growth. The small size of the mature lesion (up to two 
centimeters in diameter) and its seemingly self-limited nature do not 
necessarily controvert this conception, since it is well known that other 
benign tumors of connective-tissue origin may be quite small with limited 
growth. In the direction of excluding the possibility of malignant trans- 
formation of osteoid-osteoma, it can be said that, during our experience 
with the lesion (now covering seven years), no recurrence has been noted 
in any of our cases. Indeed, in 1936, in a presentation of the subject 
before the American Association of Pathologists and Bacteriologists,°® it 
was suggested that osteoid-osteoma is possibly the benign counterpart of 
osteogenic sarcoma. However, this suggestion is merely an idea worth con- 
sidering, and not a definite stand. In this connection, it can be stated that 

In his letter, dated April 12, 1940, Dr. Ewing states: ‘‘I find it somewhat difficult to 
interpret the process which you designate as osteoid-osteoma. The lesion is specific and 
peculiar. There are several features which favor the interpretation as a neoplasm. 
The process is circumscribed and independent of the surrounding tissue hypertrophy. 
It has its own blood supply in the form of numerous dilated venous sinuses. The new 
growth of osteoid tissue is excessive and somewhat atypical. The cells from which the 
new bone is developed are hyperchromatic and atypical, and they are overnumerous. 
There are no definite traces of any strictly inflammatory process, no old blood pigment, 
no leukocytes, no remnants of old pus, and ne old necrotic debris. On the basis of these 


features one is justified in regarding the process as a form of neoplasm. I cannot under- 
stand how such a process can result from infectious osteomyelitis.” 


VOL. XXII, NO. 3, JULY 1940 


| 


680 H. L. JAFFE AND L. LICHTENSTEIN 


tissue areas showing an osteoid-and-bone pattern like that which one sees in 
osteoid-osteoma are found otherwise only in sclerosing osteogenic sarcoma. 

We now turn briefly to a few relevant articles which have appeared 
since our previous paper on osteoid-osteoma. Three of these are reac- 
tions to our concept of the lesion as developed in that paper. The fourth 
deals with a similar but not closely analogous lesion occurring in the nasal 
accessory sinuses. 

Marziani °, in 1936, published a paper entitled “ Sul cosiddetto osteoma 
osteoide”” (“The So-Called Osteoid-Osteoma’’). He reported the case 
of a girl of fourteen, who showed, in the spinous process of the fourth 
lumbar vertebra, a lesion which he regarded as corresponding to the one 
which we had described. He, too, felt that the lesion belonged to a dis- 
tinctive category, and he tended toward the opinion that it was a neo- 
plasm, although he did not yet wish to be emphatic on that point. In 
1938, under the title of ‘‘Osservazioni cliniche ed anatomo-istologiche sull’ 
infiammazione primitiva cronica della spongiosa ossea”’ (“ Primary Chronic 
Inflammation of Spongy Bone”), Mondolfo '® published a paper dealing 
with the lesion in question, but, as his title implies, he rejected the con- 
ception of it as a neoplasm. Mondolfo’s paper includes seven cases, 
three of which he discusses in detail to bring out their complete similarity 
to the ones originally described by Jaffe. He interprets the lesion as 
representing a direct or primary reparative inflammatory reaction of 
the spongiosa to an attenuated infection. He takes the lack of micro- 
scopic signs of inflammation in connection with the lesion as evidence of 
attenuation of the infection. At best, his conception is only a hypothesis, 
opposed notably by the fact that, in connection with the healing of known 
infections of bone of long standing, tissue corresponding to what we have 
‘alled osteoid-osteoma does not appear. Mondolfo’s insistence that 
osteoid-osteoma represents an inflammatory lesion stands in contrast to 
the acceptance by Thoma ™, in 1938, of the lesion as a tumor. The lat- 
ter author pictures, in relation to the mandible, a rather closely analogous 
lesion which he calls a fibro-osteoma. 

Finally, Benjamins ', in 1938, under the title, ‘‘ Das Osteoid-Fibrom 
mit atypischer Verkalkung im Sinus frontalis”’ (‘Osteoid-Fibroma with 
Atypical Calcification in the Frontal Sinus”’), discusses a less closely 
analogous lesion, which developed in the left frontal sinus. His patient 
was a girl of nineteen in whose case the history dated back seven years 
and in whom he found a tumor of rather gritty, crumbly consistency oc- 
cupying the sinus and apparently originating from the periosteum of the 
orbital roof. The lesion was composed basically of osteoblastogenic con- 
nective tissue, containing also miliary osteoid concretions, which had 
undergone atypical calcification. This osteoid-fibroma differed from the 
lesion which we have described as osteoid-osteoma in that, despite its 
age, it contained no genuine bone, while an osteoid-osteoma eventually 
shows this. Nevertheless, Benjamins regarded the lesion in his case as a 
special type of benign tumor, and indeed the pathologist who had first 
examined it thought it represented a malignant tumor, specifically an 
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osteosarcoma. Benjamins recorded from the literature five other cases 
showing lesions of this type in nasal accessory sinuses, and classified them 
under the single heading of osteoid-fibroma with atypical calcification. 


SUMMARY 


On the basis of additional experience, the condition which one of us 
(H. L. J.) described in 1935 under the name of osteoid-osteoma has again 
been considered. Including the five cases originally described, our total 
experience with the condition now covers thirty-three cases. In the 
present paper, we have, of course, drawn on this total experience for the 
statistics and the general sections on the clinical, roentgenographic, path- 
ological, and therapeutic findings. In addition, this paper records details 
on eight cases (not including any already described in the original paper) 
which have been selected to convey a well-rounded picture of the condi- 
tion as one encounters it in individual instances. 

Our thesis is that osteoid-osteoma constitutes a lesion suz generis and 
specifically is a distinctive benign tumor appearing in bones. It is al- 
ways a small lesion affecting a single bone. It may develop in the spon- 
giosa or in the cortex of the affected bone, and it stands out from the 
surrounding osseous tissue as a sharply delimited nidus. The latter is 
usually composed of osteoid and more or less calcified atypical new bone, 
which can be seen to have developed out of a rather vascular osteogenic 
connective tissue. From the findings in our series of cases, an osteoid- 
osteoma seems to run the following histogenetic course: It appears to 
pass from (1) an initial stage, in which actively proliferating and com- 
pacted osteoblasts may be prominent, through (2) an intermediate phase, 
in which osteoid in various stages of calcification is conspicuous, to (3) 
the mature stage, in which the prominent feature of the lesion is the 
presence of densified trabeculae of highly calcified atypical bone. When 
an osteoid-osteoma develops in spongiosa, a narrow or even fairly wide 
zone of the surrounding spongy osseous tissue usually becomes densified 
and sclerotic; if an osteoid-osteoma develops in cortex, the latter, too, 
tends to become thickened, mainly through periosteal new-bone deposi- 
tion. In fact, if the lesion develops in the cortex of a long bone, as it not 
infrequently does, the reactive cortical thickening may be very striking. 

Thus, in interpreting the roentgenographic picture in a case of osteoid- 
osteoma, one must remember that this picture has two aspects,—the 
manifestation of the osteoid-osteoma proper and that of the reaction 
which it has incited in the surrounding tissue. The osteoid-osteoma 
proper is usually indicated roentgenographically by a relatively radiolu- 
cent or rarefied area, although, if it has become substantially ossified, it 
may appear as a relatively radiopaque nidus. In the cortex of a long 
bone, one may have difficulty in distinguishing the osteoid-osteoma 
shadow if the reactive cortical thickening is considerable or if the lesion 
has become ossified, since its shadow may be dominated by that of the 
thickened cortex. In any event, because the roentgenographic picture 
has these two aspects, a case of osteoid-osteoma in a spongy-bone area is 
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commonly mislabeled chronic osteomyelitis with a bone abscess or with 
an annular sequestrum, the label depending upon the extent to which 
the osteoid-osteoma has undergone ossification. A case of osteoid- 
osteoma in the shaft of a long bone is commonly mislabeled sclerosing 
non-suppurative osteomyelitis of Garré or intracortical-bone abscess, 
the latter diagnosis tending to be made especially when the rarefaction 
shadow in the cortex is very distinct and the cortical thickening is not 
very pronounced. 

Clinically, it is striking that the disorder has a predilection for 
adolescents and young adults, principally between the ages of ten and 
twenty-five. The presenting symptom is localized pain, usually of at 
least several months’ duration, which may be persistent and severe enough 
to wake the patient at night. It should be emphasized that the clinical 
findings do not point to an infectious inflammatory origin for the disorder, 
although, in the past, surgeons, like roentgenologists, have usually inter- 
preted the combined clinical and roentgenographic pictures in these 
cases as indicating such an origin. As to treatment, surgical excision of 
the osteoid-osteoma proper with some of the surrounding bone was the 
procedure used in our cases. It resulted in clinical cure with prompt and 
often dramatic relief of distressing pain. During our experience with the 
lesion—an experience now covering seven years—no recurrence has been 
noted in any of our cases. 
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A SPECIAL STUD-BOLT SCREW FOR FIXATION OF 
FRACTURES OF THE NECK OF THE FEMUR 


BY F. E. GODOY-MOREIRA, M.D., SAO PAULO, BRAZIL 


Professor of Orthopaedic Surgery, University of Sao Paulo, Brazil 


In this paper the author wishes to describe a device and technique for 
osteosynthesis of the neck of the femur, which he has used successfully in 
ten cases. The technique is very simple, and only a few instruments are 
necessary. In each case the operation has been performed more easily 
and speedily than any other previously used method, and the result has 
been excellent. 

A good osteosynthesis of the neck of the femur demands: (1) that the 
operation be associated with a minimum of shock and of local trauma; 
(2) that the mechanical principles utilized be sound; and (3) that the fixa- 
tion be solid and durable. 

The Smith-Petersen nail is most frequently used at present. Its in- 
troduction was indeed a turning point in the treatment of this type of 
fracture, yet it presents certain technical limitations: 

1. The impaction obtained by the nail lacks firmness, and very often 
the nail slips out. 

2. The use of a mallet to introduce the nail induces trauma, which 
is responsible in a measure for the trophic disturbances that are often 
encountered. 

3. On account of the absence of complete fixation and impaction, 
the newly formed blood vessels, emerging from the trochanteric aspect to 
the head of the femur, are torn. Because of this, the nutrition of the head 
is further impaired, causing an exaggeration of the trophic disturbances. 

4. A second operation may occasionally be necessary, in order to 
remove a nail which has slipped, but which otherwise has been well 
tolerated. 

Because of these limitations, the author began a search for a meth- 
od of fixation which would promise greater stability. It was evident 
from the first that a screw has better fixation qualities than a nail. A 
large number of screws have been designed for the neck of the femur. 
Henderson, Lippmann, Putti, and others have adopted stud-bolt screws. 
The so-called stud-bolt type of screw has been used for a long time by 
Lambotte and others in the treatment of fractures of the long bones. The 
French authors call it ‘‘boulon”’. After many experiments on dry bones, 
the author designed a special-thread stud-bolt screw (Fig. 1) with its 
center cannulated to permit the passage of a Kirschner wire. It consists 
of three parts: (1) the screw itself; (2) a cupped flange; and (3) the locking 
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nut. The flange is hollow and is made with an inclination to suit the 
bone surface. The nut is inserted inside the flange. The tightening 
adjustment takes place at the inner end of the nut within the flange. The 
nut is hollow at its inner end and is threaded to receive the distal portion 
of the screw. The thread of this screw is similar to the helicoid screw of 
Danis, but it is much higher and sharper. The thread takes hold only in 
the head of the femur. 


Fig. 1 


The screw is a special-thread stud-bolt device with its center cannulated to 
permit the passage of the wire. (Courtesy of Brasil-Medico.) 


A new set of in- 
struments also 
devised to facilitate 
the correct insertion of 
the screw. This set 
consists of two can- 
nulated electric drills, 
a wrench, and a special 
“elbow” attachment 
(Fig. 2) for mounting 
the drill and burr at 
a right angle to the 
motor. The drill is 
connected with the 
elbow which is pro- 
vided with a revolving 
spindle, the two parts 

Fig. 2 of which are joined 
Special attachment (elbow) for mounting the drill and at its center by a 


burr to the motor. The direction of motion is changed by tale led t 
means of a right-angled gear. rignt-angle ; 0 
change the direction 


of the motion. A portion of this instrument which is attached to the drill 
is perforated at its base for the insertion of the Kirschner wire. 


REPORT ON THE FLEXION STRESS OF THE SCREW 


The Institute of Technicological Research of the State of Sio Paulo 
was asked to test the strength of the fragments of a fractured human 
femur, held together by the author’s stud-bolt screw, when pressure was 
applied at both ends. The Amsler apparatus, designed for a maximuin 
load of 500 kilograms, was employed. Under a load of 100 kilograms, 
slight motion to the extent of five-tenths of a millimeter was observed by 
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Fic. 4 
Specimen shown in Fig. 3. Impac- 
tion of fragments was secure until 150 
kilograms of pressure was applied. 


Fig. 3 
Fragments of fractured human fe- 
mur, held together by stud-bolt screw, 
being tested on Amsler apparatus. 


Fie. 5 
Same specimen as in Figs. 3 and 4. 
At 251 kilograms of pressure the screw 
had begun to bend. 


means of a microscope. When a 

load of 150 kilograms was applied, the sliding motion increased and was 
visible to the naked eye. Under 251 kilograms of pressure, the screw 
began to bend, and it broke under a stress of 317 kilograms. Further 
experiments established the fact that fractured bones held together by 
these special screws were stronger than unfractured bones. 

It should be added that the conditions of the experiments were far 
less favorable than actually exist in living bone, because living bone is 
never subjected to a continuous strain as in this test, and, with its added 
elasticity, it would be more resistant to pressure. Furthermore, an 
oblique fracture was tested, and in this type the fragments have the great- 
est tendency to slide and to separate. 

The Institute was also consulted to determine whether the screw was 
and reported that the screw is almost as 


weakened by the cannulation 
a non-cannulated screw of the same size. 


resistant to bending forces as 
OPERATIVE TECHNIQUE 


After the fracture has been reduced, both limbs are maintained at a 
45-degree angle of abduction and the fractured limb in 25 degrees of 


internal rotation. Under local anaesthesia, an incision, about six cen- 
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timeters long, is made on the outer aspect of the greater trochanter. Two 
centimeters below the tuberosity of the femur and slightly anterior to 
the middle of the outer aspect of the shaft, a Kirschner wire, two millime- 
ters thick and thirty centimeters long, is introduced through the greater 
trochanter and into the center of the neck of the femur, using one of the 
well-known guards. In four of the author’s cases the wire was introduced 
through the skin under local anaesthesia without exposure of the bone. 
The incision was made only after the wire had been correctly inserted. 
Thus the actual time required for the open operation is only a few min 
utes. It is important that the wire be placed in the center of the neck. 
If the first attempt fails, the wire = , 
may be withdrawn and reinserted, = A | 
or the original wire may be left in 
situ as a guide for the second. The 
position of the wire is always 
subject to roentgenographic con- 
firmation. The rotary movement 
by means of which the wire is in- 
troduced causes it to fit rather 
loosely. A few taps of a mallet 
drives it in a little farther and 
makes it fit more snugly. 

The next step provides for a 
channel for the screw. This chan- 
nel is made with an electric burr 
of the author’s design (Fig. 6), 
which is grooved for the purpose 
of fitting over the wire. The 
burr perforates the bone to a _ Case l. J. de C., male, aged forty-two 

years. Roentgenogram on August 29, 1938, 
depth of two centimeters, which is | showing fracture of neck of right femur. 


Fig. 11-A 


Fig. 11-B Fig. 11-C 


Case 1. Anteroposterior and lateral roentgenograms, showing accurate reduc- 
tion of fracture. 
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Fig. 11-D Fig. 11-E 


Fig. 11-D 
Case 1. The screw in 
place. Note the impac- 
tion obtained and also 
that the screw is of the 
proper size and length. 


Fig. 11-E 

Case 1. Lateral view i 
of screw in place. 

Figs. 11-F, 11-G, and 

11-H 

Case 1. Photographs 
showing function of the 
limb eighty-five days after 
operation. 


Fia. 1 1-H 


11-G 


Fia, 
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Fig. 11-1 11-J 
Case 1. Roentgenograms showing result on December 29, 1939. 


sufficient to receive the cupped flange. The channel is then ex- 
tended with another drill, which is longer and narrower than the 
first (burr) and which is designed to permit the introduction of the screw. 
The depth of this perforation is determined from the roentgenograms 
and is limited by means of a regulating device. The channel must not 
be made so deep as to loosen the wire completely. In spite of this pre- 
caution, if the wire should slip out as the drill is being withdrawn, it is 
very easy to replace it. The drill is reintroduced into the bone channel; 
then the wire guided by the drill is driven in and fixed in the head of the 
femur with a few taps of the mallet, just as before. 

With a special type of wrench (Fig. 8), the screw is then introduced. 
When the screw is in place, the flange 
is introduced and adapted to the 
first portion of the channel. The lock- 
ing nut is next placed in the opening 
of the flange and is manipulated 
until the threads catch the screw. 
The locking nut has been so constructed 
that, even if the screw is short and does 
not protrude, it can be caught and 
threaded in the interior of the flange. 
This has the advantage of permitting 
the use of a somewhat shorter screw than 
is otherwise employed, thus avoiding 
the necessity of cutting off the protruding 
extremity. With an open-end socket 
wrench, the nut is then taken up on 
the screw until it is tight,—that is, 
until the head of the femur has been years. Roentgenogram on September 
brought into firm contact with the 7%, 1938, thirty-nine days after fracture 


of left femur, showing absence of 
distal fragment. redustion. 


Fig, 12-A 
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Fig. 12-C 


Case 3. Anteroposte- 
rior and lateral roent- 
genograms, on September 
19, 1938, the day after 
operation. 


The bone fragments 
adapt themselves to 
each other in such a 
way as to form a solid 
unit, since the pres- 
sure of the impaction 
obtained by the screw 
may be carried to any 
desired degree. This 
pressure can be devel- 
oped to a point only 
possible by the use of 
such a high helicoid 

thread, which takes a 

Fig. 12-D Fic. 12-E very firm hold in the 
Case 3. Showing function seventy-five days after operation. head of the femur. 


ROENTGENOGRAPHIC TECHNIQUE 


It is preferable to use two portable roentgen-ray machines,— 
one for the anteroposterior view and the other for the lateral view. The 
advantages of two machines are self-evident: much time is saved, and 
there is less danger of interference with asepsis by reason of frequent 
manipulation of the tube. 

Normally only seven roentgenograms are required. The first meas- 
ures the length of the neck of the femur, in order to determine the proper 
length of the screw. The second, taken in both planes, checks the reduc- 
tion of the fracture. Two more roentgenograms are taken to check the 
position of the wire, and the final films at the end of the operation confirm 
the proper placing of the screw. 
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DISCUSSION 


The following discussion shows that the method described meets the 
requirements of a good osteosynthesis of the neck of the femur: 

1. The simplicity of this technique is apparent. The trauma is 
minimal, and the only hammering required is a few taps of the mallet on 
the tip of the wire. Very little cancellous bone is destroyed. 

2. The mechanics are so precise and so simple that no extraordinary 
skill is required. The preparation of the channel for the screw in the neck 
of the femur by means of an electrically operated drill, guided by the wire, 
avoids the possibility of an error, and there is no danger that the head will 
turn or become dislocated, as during the use of a hand drill. It is obvious 
that once the channel is prepared the screw can be introduced exactly 
into the center of the neck with complete security. 

3. The third requisite, solidity, is perfectly fulfilled by this tech- 
nique. Particular care has been taken in the selection of the steel used 
to make the screw, and the resistance, solidity, and fixation have been 
carefully tested. 
The metal used in 
the manufacture of 
the screw is known 
technically as ‘‘aus- 
tenitic’’ stainless 
steel and contains 18 
per cent. chromium, 
8 per cent. nickel, 
and a small amount 
of molybdenum. 
This steel was fi- 
nally selected after Fig. 12-F 
experiments with six Case 3. Showing function seventy-five days after operation. 


Fia. 12-G Fig. 12-H 
Case 3. Anteroposterior and lateral roentgenograms, showing result on June 14, 
1939. 
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different types of stainless steel. At present, the screw is also made of 
vitallium. 


CLINICAL APPLICATION 


This operation has been performed in ten cases. Two of them are 
too recent to estimate the results, but, of the remaining eight cases, a 
postoperative period of from ten to sixteen months has elapsed in seven. 
One patient (Case 2) was walking very well, but died eight months after 
the operation from a cerebral hemorrhage. The other seven patients are 
in perfect condition. They can walk freely without pain, and they have 
bony union with a full range of motion. The roentgenograms which are 
reproduced are the most recent that could be obtained, and they show the 
anatomical conditions. Where recent roentgenograms could not be 
_ obtained, the author has given the 
information which he has _re- 
ceived in regard to the actual con- 
dition of the patients. 


pres, 


CASE REPORTS 


CasE 1. J. de C., male, forty-two 
years of age, fell on August 28, 1938, and 
sustained a fracture of the neck of the 
right femur. He was admitted to the 
hospital twenty-four hours after the ac- 
cident, and the limb was put up in light 
abduction and flexion, with traction for 
four days. An operation, using the 
technique described, was performed on 
7 : September 5, 1938. No plaster cast was 

Fig. 13-A applied. The patient sat up on the day 
Case 4. J. M., male, aged forty-five of the operation, complaining slightly of 
years. Roentgenogram twenty days after pain in the knee. The wound healed per 


fracture of neck of right femur, showing . 
absence of reduction. primam, and the sutures were removed 


“The 13-B Fia. 13-C 


Case 4. Anteroposterior and lateral roentgenograms, showing screws correctly 
placed. 
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on the ninth postoperative day. On that day the patient was able to walk, but, as a 
matter of precaution, he was ordered to keep off his feet for three months. He was dis- 
charged from the hospital, and, as he felt no pain, he bore weight on the limb and walked 
freely. In January 1940 this patient was walking without restriction and without pain or 
fatigue. He had bony union and a normal range of motion. 

Case 2. A.C. C., male, sixty years of age, fell and fractured the neck of the right 
femur. Six weeks afterward, on September 4, 1938, he was admitted to the hospital 
with the fracture still unreduced. Traction in abduction and flexion was applied, and 
an operation was performed on September 9, 1938. No plaster cast was applied, and 
healing took place per primam. The patient sat up the day after the operation and 
walked on the twentieth day. He was walking very well and without pain, but he suf- 
fered a cerebral hemorrhage eight months after the operation and died a few weeks later. 


Case3. A. A., female, sixty years of age, was admitted to the hospital on September 


15, 1938. She had fallen 
and had fractured the 
neck of the left femur 
forty-five days previously. 
Traction in the usual posi- 
tion was applied for three 
days. An operation, by 
the technique described, 
was performed on Septem- 
ber 18, 1938. No plaster 
cast was applied. The 
patient sat up the follow- 
ing day, and the wound 
had healed per primam on 
the eighth day. Walking 
was possible on the four- 
teenth day. In January 


Fig. 13-D 


| 


Fig. 13-E Fig, 13-F 
Case 4. Photographs showing function fifty-eight days after operation. 
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| 


Fig. 13-G 
Case 4. Roentgenogram on December 1, 4p operation was performed on De- 


1938, fifty-eight days after operation. 


1940 the patient was walking perfectly 
and painlessly. She had bony union 
with a complete range of motion. 

Case 4. J. M., male, forty-five 
years of age, was admitted to the hospital 
on September 25, 1938. Twenty days 
before, he had suffered a fracture of the 
neck of the right femur. An operation 
was performed on October 4, 1938. No 
plaster cast was applied. The wound 
healed per primam, and on the tenth day 
the patient could walk freely. Bony 
union was present. 

Case 5. M. P., female, seventy- 
eight years of age, was admitted to the 
hospital on November 17, 1938. Some 
hours before, she had fallen and had sus- 
tained a fracture of the neck of the right 
femur. Traction was applied as usual. 


cember 3, 1938. No plaster cast was ap- 
plied. The next day the patient could 


sit up and move the leg freely. Healing took place per primam, and the patient 
walked on the tenth day. Since then she has walked normally and without pain, and 


there is bony union. 


Case 6. M.C.S5S., female, seventy-two years of age, was admitted to the hospital 
on December 19, 1938. She had fallen the same day and had sustained a fracture of the 
neck of the left femur. Traction was applied. An operation was performed on January 
3, 1939. No plaster cast was applied. The patient was able to sit up two days afterward, 
and healing took place per primam. The patient walks perfectly, and bony union is 


present. 


Case7. I.A., female, sixty-five years of age, was admitted to the hospital on Janu- 


14-A 


Case 5. M. P., female, aged seventy- 
eight years. Roentgenogram on No- 
vember 17, 1938, showing fracture of 
neck of right femur. 


ary 4, 1939, sixty days after a fall, which 
had caused a fracture of the neck of the left 
femur. She complained of pain, and it was 
impossible for her to walk. Traction was 
applied as usual. An operation was per- 
formed on January 13, 1939. No plaster 
cast was applied. The patient sat up the 
next day. The wound healed per primam. 
The patient walked the fourteenth day, and 
since then she has walked freely. Bony 
union is present. 


Case 8. M. C. F., female, sixty-eight 
years of age, was admitted to the hospital 
on March 3, 1939. Twenty-two days pre- 
viously she had fallen and had fractured the 
neck of the right femur. Traction was ap- 
plied as usual, and an operation was per- 
formed on March 15, 1939. No plaster cast 
was applied. The patient was able to sit 
up the next day. Healing took place per 
primam. The patient began to walk on the 
sixteenth day and is now walking normally. 
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14-B Fig. 14-C 


Case 5. Anteroposterior and lateral roentgenograms, showing result on January 
4, 1940. 


CaseE9. A. W., male, forty-one years of age, was admitted to the hospital on August 
24, 1939, three days after he had sustained a fracture of the neck of the left femur. He 
also had advanced cardiac disease. An operation was performed on August 25, 1939. 
No plaster cast was applied. The patient sat up the next day. The wound healed per 
primam. The patient stood up on the fourteenth day and was able to walk with two 
canes on the twenty-fifth postoperative day. He now walks freely. 


Case 10. D. M., female, seventy-five years of age, was admitted to the hospital 
on December 19, 1939, with a fracture of the neck of the femur, caused by a fall the day 
before. Traction was applied, and an operation was performed on December 27, 1939. 
No plaster cast was applied. A small hematoma was evacuated, but healing was undis- 
turbed. The patient was able to stand up on the fourteenth day and to walk on the 
twentieth day. 


Fig. 15-A 15-B 
Case 7. I. A., female, aged sixty-five Case 7. Roentgenogram on February 
years. Roentgenogram on January 9, 24, 1939, forty-two days after operation. 


1938, sixty-five days after fracture of 
neck of left femur, showing absence of 
reduction. 
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Fig. 16-A 


_Case 8. M. C. F., female, aged sixty- 
eight years. Roentgenogram on March 
7, 1938, twenty-six days after fracture of 
neck of right femur, showing absence of 
reduction. 


Fies. 16-B and 16-C 


Case 8. Anteroposterior and lateral 
roentgenograms on April 11, 1939, 
twenty-seven days after operation. 


Fic. 16-A 


Fig. 16-C 


Fig. 16-B 
SUMMARY 


The principal characteristics of the technique for osteosynthesis of 
the neck of the femur which has been described are as follows: 

1. A stud-bolt serew with a very sharp and high helicoid thread has 
been devised. The thread takes hold only in the head of the femur. The 
screw is cannulated, so that it may be guided by a Kirschner wire pre- 
viously inserted. 

2. Anelectric drill, also cannulated, is used. It has the great advan- 
tage of perforating the head and the neck very smoothly. Jn this manner, 
the separation or turning of the head while the channel is being made is 


avoided. 
3. No hammering is required, and the operation produces minimal 


trauma. 

4. As the head of the femur is so firmly held against the neck that 
it amounts to impaction, no rotation or flexion can take place at the site 
of fracture. The weak point of most of the methods previously in use 
has been the lack of this firm anchorage of the head of the femur. 
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5. The technique dispenses with the application of a cast. Patients 
are allowed to sit up in bed on the day of the operation. Eight of the 
author’s patients were permitted to walk without a cast from nine to 
twenty days after operation. This shows the solidity of the synthesis. 
Roentgenograms taken thereafter showed no evidence of movement of the 
fragments. Active motion should be instituted from the beginning. 

6. The screw has always been well tolerated, and up to the present 
the author never has had to operate for extraction of the screw. 
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Nore: The mechanical construction of the serew with its technical application has 
been described by Dr. Godoy-Moreira in Brasil-Medico and by Dr. O. R. Maréttoli in 
Boletines de la Sociedad de Cirugia de Rosario. Although it is not the custom of The 
Journal to publish descriptions of apparatus or technic + which has been previously 
reported elsewhere, we are making an exception in this case, since so few of our readers 
have access to either of these journals.—Editor 
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SPONTANEOUS DISLOCATION OF THE ATLANTO-AXIAL 
ARTICULATION, INCLUDING A REPORT OF A CASE WITH 
QUADRIPLEGIA 


BY MILTON J. WILSON, M.D., F.A.C.S., ARTHUR A. MICHELE, M.D., AND 
EDWIN W. JACOBSON, M.D., NEW YORK, N. Y. 


From the Department of Orthopaedics and Fractures*, New York Medical College and Flower- 
Fifth Avenue Hospital; and the Metropolitan Hospital, New York 


In recent years, there has arisen a new clinical entity, known as 
“‘spontaneous dislocation of the atlanto-axial articulation’’. We define 
this type of dislocation as one without known trauma, direct or indirect; 
and with no discernible organic disease of the bone. Falling downstairs 
is a common direct trauma, while throwing a ball forcibly is an adequate 
indirect one. Tuberculosis and syphilis are the usual organic offenders. 

After a careful survey of the entire literature, we have compiled 
twenty-eight acceptable cases of true non-traumatic atlanto-axial dis- 
locations, not associated with diseases of the vertebrae or their ligamen- 
tous attachments. These include one case of our own, complicated by 
a complete quadriplegia, which was treated successfully nearly two years 
ago and which has not recurred. 

In 1908, Wittek, in reporting a case, suggested that the ligaments of 
the atlanto-axial joint had become distended from a “metastatic effusion ”’ 
into the joint. Swanberg (1919) believed that in his case the transverse 
ligament of the atlas had ruptured. He was doubtful, however, that the 
history of this non-traumatic lesion was complete. Sudeck (1923) ex- 
plained his first case as being due to excessive passive rotation under nar- 
cosis. Although his second case had a traumatic etiology, he explained 
it on the basis of an incoordinate reflex action. This theory Brinkmann 
(1928) accepted as a physiopathological factor in his non-traumatic 
case. In 1930, Desfosses called attention to the article of Grisel, who 
believed that the dislocation was due to a contracture of the suboccipital 
muscles, following the lymphadenitis of a nasopharyngeal infection. 
Berkheiser and Seidler (1931) offered as a possible explanation effusion 
into the joint capsule with overdistention of the ligaments, similar to the 
theory of Wittek. They added, however, swelling of the anterior and 
posterior bursae as contributory factors. Greig (1931) suggested hy- 
peraemia, followed by decalcification (about the ligamentous attach- 
ments that hold the atlas in place) with subsequent relaxation of the 
ligaments and dislocation of the vertebrae. Watson-Jones (1931) joined 
Swanberg in his view of rupture of the transverse ligament as the cause 
of the dislocation. Watson-Jones stated that the condition is peculiar 
to children at an age when the bones are imperfectly developed and poorly 


* Anson H. Bingham, M.D., F.A.C.S., Director. 
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ossified. In our case, however, the patient was well advanced in life. 
Coutts (1934) discussed twenty cases of “distention subluxation’’, but, 
since his article contained no case histories, it could not be used for a sta- 
tistical study. Zeitlin and Odessky (1934) favored Grisel’s theory. Hess, 
Bronstein, and Abelson (1935) combined several of the theories. They 
believe in spasm of the cervical muscles, associated with loosened liga- 
ments, and they add that rotation may play a part. Frank (1936) be- 
lieved in Greig’s theory, but mentioned those of Berkheiser and Seidler 
and Grisel. Steele (1937) explained his case on the theory of dis- 
tention of the bursae about the atlas, as advanced by Berkheiser and 
Seidler. 

Several authors have presented cases deriving their origin from foci 
of infection. Béger (1905) reported a case of chronic rheumatic fever in 
a boy of seventeen; and Jacobs (1918), one of acute articular rheumatism. 
The latter postulates distention of the joint and relaxation of the liga- 
ments as a result of toxins. Stammers and Frazer (1933) reported a case 
of non-specific arthritis, and mentioned Robert Milne, who had seen 
‘several cases of spontaneous dislocation of this nature, mostly in young 
people, in association with rheumatic fever; in two cases with endocardi- 
tis’. Hess and his co-authors (1935) quoted Jaksch and Coudray as 
reporting two cases with chronic rheumatism. 

In the case of Steele (1937) there was an associated spontaneous 
dislocation of the hip apparently by a similar mechanism. Frank (1936) 
pointed out that this dislocation of the atlas may be compared to sub- 
luxation of the hip sometimes seen complicating exanthemata, ty- 
phoid, and mastoiditis. Heikkili (1937) reported a case of dislocation of 
the atlas following acute epidemic parotitis. 

For purposes of completeness, we think it best to mention several 
‘ases that have been freely quoted by previous authors and which we 
have excluded. Bell (1830) not only omitted essential data, but his 
‘ase Was complicated by an eroding luetic ulcer of the posterior pharyngeal 
wall. The cases of Corner (1907), Wittkop (1910), Black (1910), Ely 
(1911), Woltman and Myerding (1934), Brav (1936), Paltrinieri (1937), 
and Clavel and Faure (1937) have a direct traumatic history and have 
been discarded. Ogilvy (1913) cited a case of dislocation induced by 
threwing a ball. We consider this indirect trauma. 


ANATOMY 


The articulation of the atlas with the axis consists of four joints 
(two are pivot joints and two are arthrodial or gliding joints): (1) be- 
tween the posterior surface of the anterior arch of the atlas and the front 
of the odontoid process, (2) between the anterior surface of the transverse 
ligament of the atlas and the back of the odontoid process, and (3 and 4) 
on both sides between the articular processes of the atlas and the axis. 
There is a bursa on each side of the odontoid process, separating it an- 
teriorly from the transverse ligament of the atlas. Each of the four joints 
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has its own synovial membrane. The four ligaments which connect these 
bones are: (1) the two articular capsules, connecting the margins of the 
lateral masses of the atlas with those of the posterior articular surface 
of the axis; (2) the anterior atlanto-axial ligament, fixed from the lower 
border of the anterior arch of the atlas to the front of the body of the axis; 
(3) the posterior atlanto-axial ligament, attached from the lower border 
of the posterior arch of the atlas to the upper edge of the laminae of the 
axis; and (4) the transverse ligament of the atlas, which arches across 
the ring of the atlas and retains the odontoid process in contact with the 
anterior arch. The joint as a whole allows the rotation of the atlas 
(and with it, the skull) upon the axis, the extent being limited by the alar 
(odontoid) ligaments. 
CASE REPORT 


E. A., white, female, aged sixty-two years, a housewife, was admitted to the Metro- 
politan Hospital on February 7, 1938, with a history of progressive stiffness of the neck 
and of a respiratory infection beginning two weeks before admission. She complained 
of coryza, cough, and substernal pain, but there were no other symptoms. The past 
history revealed a hysterectomy for fibroid uterus eleven years before. The family 
history was negative. 

Physical examination revealed a well-developed and well-nourished female with 
pain on motion of the neck in any direction. There was a moderate exophthalmos 
present, and the thyroid gland was palpable. Dullness, diminished breath sound, and 
decreased tactile fremitus were present at the left base in the posterior axillary line. The 
heart was slightly enlarged. The blood pressure was 155/76. The abdomen and ex- 
tremities were normal. The superficial reflexes were hyperactive with a tendency to 
bilateral ankle and patellar clonus. Good strength and coordination were noted in all 
the extremities. The sensorium was not impaired. The diagnosis at this time was 
upper respiratory infection, bronchopneumonia, arteriosclerotic cardiac disease, hyper- 
thyroidism, and possible dislocation of the atlas. 

The patient remained flat in bed, complaining of severe pain in the neck and of 
frontal headaches, and receiving supportive treatment for the pneumonia. Blood 
chemistry and urine examinations were normal, and the Wassermann reaction was 
negative. Roentgenographic examination of the spine revealed no evidence of disloca- 
tion of the vertebrae. Studies of the skull and long bones also failed to disclose any 
pathology. The basal metabolic rate was repeatedly plus twenty-five. On February 
19, twelve days after admission, paresis of the bladder, abdominal distention, and in- 
testinal atony developed. On February 21, weakness of all four extremities became ap- 
parent, progressing to a quadriplegia in seventy-two hours. There was no pain other 
than locally in the neck. Neurological examination at this time revealed the following: 
(1) marked immobility of the neck; (2) complete quadriplegia (somewhat flaccid in the 
upper extremities and spastic in the lower), the reflexes being active with transient ankle 
clonus and a tendency to a Babinski reflex on the left; (3) absence of abdominal reflexes; 
(4) sensory changes of the radicular type in the arms; and (5) bladder and rectal dis- 
turbances. The roentgenogram (Fig. 1) showed displacement to the left of the left 
lateral margin of the atlas. 

The patient was placed in a fracture bed with extension of the head by means of 
Crile head traction with six pounds of weight. An indwelling catheter was installed and 
hooked up to a bladder-decompressing apparatus for continual irrigation by means of 
boric-acid tidal drainage. The patient appeared and felt much better by the end of the 
first week of Crile traction. On March 4 (the end of the second week of traction) it was 
noted that the patient could move her fingers and lift her arms slightly. The abdomen 
was soft again. On March 11, the bowel function was normal. 
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A neurological check-up on May 5, 1938, revealed considerable regression of the 
symptoms and signs: The mobility inthe upper extremities was well restored ; active move- 
ments in the lower extremities were less limited than before, but there was still a con- 
siderable paraplegia. The spasticity in the lower extremities was also less marked. The 
knee jerks were only moderately hyperactive, and the ankle jerks were even somewhat 
diminished. No pathological reflexes could be elicited, save for a bilateral Hoffmann’s 
sign. Sensation and coordination were intact. Bladder function was markedly im- 
proved. The hyperthyroid symptoms were as previously described and were not 
connected with the neurological findings. 

The quadriplegia continued to subside, and the patient made a complete recovery. 
On June 13, 1938, the traction was removed, and the patient became ambulatory with a 
Thomas collar (with turnbuckles). On August 16, 1938, the patient was discharged, 
wearing the collar, completely cured. Postreduction roentgenograms revealed the 
complete reduction of the dislocation. Follow-up showed that the patient had soon dis- 
carded the collar, due to unsympathetic family pressure, but she has remained symptom- 
free to the present day. 


Fic. 1 


E. A. Anteroposterior view of dislocation of atlanto-axial articulation. 
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DISCUSSION 


An analysis of Table I reveals the following: 

1. The sex incidence of the twenty-eight cases is evenly di- 
vided. 

2. The majority of the cases in the literature fall between the age 
groups of five and twelve years. The youngest patient was two years 
old, and the oldest (outside of our own) was twenty-two. Our case is 
unique in that the patient, at the age of sixty-two, is outside of this 
grouping. 

3. It is difficult to evaluate the latent period between the onset of 
the predisposing infection and that of the neck involvement, because many 
of the authors did not see their patients until an appreciable interval of 
time had elapsed. 

4. Our case is the only one of the series in which there was spinal- 
cord involvement. The patient had a complete quadriplegia with blad- 
der and rectal disturbances. 


TABLE II 


SuMMARY OF TREATMENT AND RESULTS IN THE TWENTY-E1GHT Cases ANALYZED IN 
TABLE I 


Results 
Treatment 
Good Unimproved Unknown Total 
(Cases) (Cases) (Cases) (Cases) (Cases) 
Head traction... 0 0 3 
0 0 2 3 
be peaks 0 l 0 2 
Head traction (such as Crile type) 
followed by collar or cast... ... 3 1 0 5 9 
Manipulation under anaesthesia 
followed by collar. ............ 4 0 0 3 7 
0 0 2 
9 3 3 13 28 


Table II, condensed from Table I, shows that two of the nine patients 
with known good results had been treated by means of head traction; 
and that seven had had retentive cervical collars after reduction of the 
dislocation. It is our opinion that the use of head traction is the least 
traumatizing and the most satisfactory form of treatment, especially if 
quadriplegia complicates the clinical picture. 
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Fig. 2 
Relationship between the number of cases and the ages of the patients. 


SUMMARY AND CONCLUSIONS 


1. Analysis of the twenty-eight cases of spontaneous dislocation of 
the atlanto-axial joint, not complicated by fracture or by organic disease 
of the vertebrae, which have been collected shows that the sex incidence 
is equally divided. The age incidence ranges from two to sixty-two 
years, with the greatest peak in childhood. 

2. The dislocation is preceded by an antecedent infection, most 
often of the nose or throat, but which may be one of the exanthemata, 
rheumatic fever, or mastoiditis. 

3. Head traction is the best method of reduction and should be 
followed by a plaster or Thomas collar. 

4. Our case is unique in that the patient was an adult of sixty-two 
in whom there had developed a complete quadriplegia amenable to treat- 
ment. The postreduction films showed a good reduction, and a two- 
year follow-up revealed that there had been no recurrence. 

5. Of the many theories offered, that of Berkheiser and Seidler is 
the most logical in our minds. However, there is one factor that appears 
to be overlooked,—that is, the probability of an intrinsic factor in the 
vertebrae. Many people have respiratory infections each winter, yet 
the incidence of spontaneous dislocation of the atlas is comparatively 
rare. Adequate post-mortem examination would settle this point. In 
the absence of this evidence, however, a satisfactory explanation of the 
pathological process behind the disease must remain lacking. 
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HERNIATION OF THE INTERVERTEBRAL DISC WITH 
REFERRED SCIATIC SYMPTOMS 


A Strupy or Forty Casgs* 
BY HERMAN F. JOHNSON, M.D., OMAHA, NEBRASKA 


From the Department of Surgery, University of Nebraska, College of Medicine, Omaha 


Low-back pain associated with sciatic radiation and positive signs 
is a combined neurological and orthopaedic problem which necessitates 
a close cooperative study in these overlapping fields. The syndrome of 
herniation of the intervertebral dise is quite characteristic when critically 
analyzed both from the clinical and from the laboratory aspects. This 
paper is based on a study of forty cases which present this low-back 
problem for differential diagnosis. Lipiodol has been used as a contrast- 
ing medium for myelographic studies in our series of cases inasmuch as the 
injection of air for this purpose has not proved satisfactory. 

When a reasonably positive diagnosis has been made and when in- 
tractable sciatic pain persists in spite of conservative measures, such as 
traction, immobilization, and physical therapy, the treatment is clearly 
operative. A laminectomy confined to two laminae on the side of the 
lesion, thus producing minimal trauma to the spine, gives adequate 
exposure when definite localization has been possible. In our series of 
operated cases a hemilaminectomy was performed in all but two. In the 
one case in which the final diagnosis was that of arachnoiditis, an extensive 
laminectomy was necessary in order to rule out other intraspinal pathol- 
ogy, and this was followed by spine fusion. After removal of the laminae, 
the dura is carefully rolled to one side and the herniated tumor comes 
into view, usually in intimate contact with the nerve root, which shows 
the compressive sign. By careful retraction of the dura and its contents, 
the irregular fibrous mass is dissected free. This often is quite difficult 
and painstaking, the material being removed piecemeal, although occa- 
sionally a well-encapsulated mass is encountered. Before closure of 
the wound, the dura and the arachnoid membranes are opened, permitting 
escape of as much lipiodol as possible. This requires elevation of the 
head of the table, in order to bring the heavy oil into the dependent 
position, and suction with the usual apparatus for this purpose. 

The question of spine fusion following laminectomy has arisen on 
several occasions, and this procedure has been carried out by us in two of 
the cases in this group. Where a hemilaminectomy is done, involving 
only two or three laminae on one side, without disturbance of the pedicles 
or articulating facets, it is our opinion that spine fusion is unnecessary. 
However, in cases of abnormal anatomy and structural weakness in 
the low lumbar region, the stabilizing operation is clearly indicated. 

* Presented at the Annual Meeting of the American Academy of Orthopaedic Sur- 
geons, Memphis, Tennessee, on January 17, 1939. 
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In cases where the diagnosis is quite definite and in which, for various 
reasons, surgical attack is not permissible, conservative care may give 
relief. Traction and trunk flexion, followed by hyperextension, may 
reduce some of these herniations. Symptomatic relief is then frequently 
obtained by a period of immobilization. 

The following six case histories are given in some detail as they 
present important points in differential diagnosis and treatment. 


CASE REPORTS 


CasE 1. E.G. C., male, aged thirty-eight years, was first seen on March 18, 1937, 
with a history of low-back pain of approximately seven years’ duration. There was no 
history of injury. Following a tonsillectomy, the patient had had a remission until the 
summer of 1936, when left sciatic pain developed and persisted. At that time several 
infected teeth were removed, with no relief. 

Examination on March 18, 1937, disclosed a trunk list to the right, with all motions 
of the spine guarded. There was tenderness localized to the region of the left greater 
sciatic notch. Hypaesthesia was noted over the distribution of the superficial peroneal 
nerve with diminution of the left ankle reflex. Roentgenographic study of the spine dis- 
closed minor arthritic changes. 

Early treatment consisted of a period of fixation in a skeletal back brace and physio- 
therapy. No relief was obtained, and eight weeks later spinal puncture was performed. 
The cell count and manometric readings were normal, with a total protein of twenty-four 
milligrams per 100 cubic centimeters. Lipiodol injection was done, and a defect was 
noted in the left lumbar region at the level of the fourth intervertebral disc. 

On May 19, 1937, a hemilaminectomy was performed (Dr. J. J. Keegan), in which the 
fourth and fifth laminae on the left side were removed. A definite protruding mass was 
found at the site of the defect in the lipiodol studies, which produced compression on the 
fifth lumbar root. The immediate postoperative condition was excellent, with disap- 
pearance of symptoms in one week. The patient has been under observation for three 
years and is symptom-free, working actively as a telephone-operator supervisor, which 
requires long hours of standing. He also states that he has been riding horseback with 
no untoward symptoms. 


Comment: This case illustrates the typical history, course, and out- 
come of these lesions. 


2. H.G., female, aged thirty-two years, a laboratory technician, was first seen 
in May 1936, when pain developed in the low back, with radiation into the left thigh. 
Symptoms were aggravated by forward flexion and walking, but were only intermittent 
during the first year. Six months after onset, she was forced to discontinue her work. 

In July 1937, her tonsils were removed, and a hip spica cast was applied. Examina- 
tion at this time, including detailed roentgenographic studies, was essentially negative, 
except for a positive Laségue’s sign. Neurological examination, on July 25, 1937, revealed 
absence of the left ankle reflex and weakness of dorsiflexion of the toes on the left side. 
Sensory changes were not definite. Laboratory findings disclosed a clear spinal fluid 
with a cell count of 2, normal pressure, and no evidence of block. The total protein con- 
tent was five milligrams per 100 cubic centimeters. 

The patient returned to the hospital on September 16, 1937, with persistent left sci- 
atic pain and positive neurological findings. Intraspinal lipiodol injection, on October 
4, 1937, disclosed a protruding mass on the left side at the lumbosacral junction. 

Laminectomy was performed on October 9, 1937 (Dr. J. J. Keegan) with removal 
of a herniated disc at the fifth lumbar intervertebral space. The end result was very 
gratifying. The patient was symptom-free within two weeks, and, in a recent follow-up 
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letter, she reported complete relief of symptoms for the past two years and stated that 
she had been working actively as a technician. 


Comment: In spite of early neurological findings, conservative treat- 
ment was recommended. Due to overconservatism and failure to ap- 
preciate the positive findings earlier, disability was prolonged approxi- 
mately one year. 


Case 3. R. L., male, aged thirty-five years, was first seen on November 5, 1938, 
with a history of a twisting injury ten months previously, when he had felt and heard a 
snap in the low back as he was reaching for the hand brake of a traction plow. Back pain 
was severe and persistent. Within six weeks, referred pain had developed along the 
course of the left sciatic nerve, and there was a marked trunk list. Early treatment had 
consisted of osteopathic manipulations, visits to springs, check-up on foci, and a period 
of bed rest. His tonsils had been removed, and he had had the usual dental repair. 

Examination on November 5, 1938, showed a healthy young man with a marked 
postural scoliosis to the right. All motions of the spine were greatly limited. Straight- 
leg raising on the left side was limited to 30 degrees, with severe sciatic pain. The left 
ankle reflex was absent, and definite hypaesthesia was noted over the lateral aspect 
of the left foot and ankle. Roentgenographic 
examination of the lumbar spine was nega- 
tive. Neurological examination, followed 
by spinal puncture and lipiodol injection 
with fluoroscopic study, disclosed a charac- 
teristic defect in the fourth intervertebral 
space on the left side (Figs. 1, 2-A, and 2-B). 

Treatment consisted of hemilaminec- 
tomy on November 9, 1938 (Dr. J. J. Keegan 
and the author). A flat, irregular mass 
was found just anterior to the fourth and 
fifth lumbar roots. The patient was dis- 
charged from the hospital on November 25, 
1938, two weeks after operation. There was 
no sciatic pain, but the patient complained of 
some discomfort in the low back. When last 
seen, on May 15, 1939, six months after 
operation, the patient stated that he had 
had only occasional pain in the posterior 
aspect of the thigh, but he had experienced 
no back pain. He had gained ten pounds 
in weight since discharge from the hospital. 
Examination disclosed a straight spine with 
three-fourths of the normal range of motion. 
The sensory disturbance over the lateral as- 
pect of the leg had disappeared, but the 
tendo achillis reflex was still absent. 


Comment: The sharp defect noted 
in the roentgenogram was out of pro- 
portion to the operative findings, as 
the dise was protruding uniformly 
rather than herniating as a discrete 
Case 3. Showing sharp defect at the mass. The end result one year after 


fourth intervertebral space on the left 
side. Relief followed laminectomy. operation is entirely satisfactory. 
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aged forty-eight years, was 
first seen by the author on 
March 26, 1938. 

He stated that on Feb- 
ruary 22, 1936, while carry- | = ci aS 
ing a heavy case down i 7 . 
stairs on his right shoulder, 


he had fallen backwards, ys" 
striking his back and lower ; 
right thigh. He slid down 
the steps and was partially ra Be 
dazed, but was able to get 
about in a few minutes, 
continuing work the remain- 
ing hours of the day. On 
the third day, he was seen by 
a physician. A diagnosisof 
back strain was made, and 
the patient was given mas- 
sage and strapping. After 
three days of work, he found 
it necessary to discontinue. 
The back was strapped 
continuously, and he tried 
on several occasions to re- 
turn to work. Neurological 
examination in the early 
part of 1936 disclosed no 
change in reflexes or in sen- 
sation. The condition was 
considered as a combination 
of contusion of the spine 
and osteo-arthritis with low- 
back pain and_ referred 
sciatica. 

Examination on March 
26, 1938, disclosed a trunk 
list to the left, forward flex- 
ion three-fourths of the 
normal, hyperextension 


Fig. 2-B 


greatly limited, and lateral Case 3. Microscopic section of typical herniated 
motionscomplete. Thepa- ise. Note atypical cartilage cells and dense fibrous 
tient complained of tender- tissue. 

: Fig. 2-A: Low power. 
ness over the right lumbo- Fig. 2-B: High power. 


sacral region. Straight-leg 

raising was painful at 45 degrees. A check-up of reflexes and sensations disclosed no 
alterations at that time. Roentgenographic examination revealed an angulation of the 
lumbar spine at the level of the second segment, with rather extensive productive changes 
about the margins of the second and third lumbar vertebrae and some narrowing of the 
vertebral body of the second on the left side. Our opinion at that time was that the chief 
difficulty was an extensive osteo-arthritis, with a questionable lateral compression of the 
second lumbar vertebra, which probably antedated the injury, as the latter produced only 
partial disability. Further examination in August 1938, thirty months following injury, 
disclosed for the first time an absence of the right ankle jerk. On account of persistent 
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symptoms, in spite of a period of im- 
mobilization, spinal puncture and lipio- 
dol injection were recommended. The 
spinal fluid showed no abnormal 
changes, the protein content being one 
milligram per 100 cubic centimeters. 
Roentgenographic studies disclosed a 
defect in the region of the fifth lumbar 
dise (Fig. 3). 

On November 12, 1938, a hemi- 
laminectomy was performed (Dr. J. J. 
Keegan), and a definite herniation was 
found at the site of the defect, as noted 
in the lipiodol study. The low-back 
pain and referred sciatic symptoms dis- 
appeared in less than one week. Eight 
months following operation, the patient 
was symptom-free and had returned to 
work. 

Comment: The study of this 
case is of particular importance 
in that there was the matter of 
compensation throughout. With 
negative neurological findings, 
special tests were not warranted 
until in the middle of 1938, al- 
though the herniation of the disc 


Fia. 3 undoubtedly had been present 


Case 4. Showing failure of lipiodol to fill... 
completely the caudal sac. Herniated disc ee the injury in 1936. An 
found at fifth intervertebral space. earlier exploratory laminectomy 


would unquestionably have short- 
ened this patient’s disability several months and decreased the economic 
loss by several thousands of dollars. Compensation courts and insurance 
carriers are reluctantly accepting this lesion as compensable, although in 
three of our cases, final decision by judge or jury was necessary. 


Case 5. C. P., male, aged forty-one years, was first seen on January 15, 1934. 

He reported that a ‘‘catch”’ in the left lumbar region had developed while he was 
lifting heavy machinery in 1931, and he was kept in bed for one month. Mild symptoms 
had persisted for three years, and then had gradually increased in severity. A back 
brace, applied in 1934, gave complete relief for six months. On October 5, 1937, while 
swinging a heavy sledge hammer, the patient experienced acute back pain. There was 
a gradual increase in symptoms with radiation into the left leg, and he was totally dis- 
abled at the end of one month with left foot drop. 

Examination for compensation carriers on November 16, 1937, disclosed the signifi- 
cant findings of paralysis of the dorsiflexors of the left foot, paraesthesia extending up to 
the mid-leg laterally, and loss of the left ankle reflex. Spinal-fluid studies disclosed an 
initial pressure of fourteen millimeters of mercury, with normal response to jugular 
compression. There was a cell count of 5; the protein content was twelve milligrams 
per 100 cubic centimeters; and the Wassermann reaction was negative. 

Roentgenograms of the lumbar spine revealed a congenital defect and osteo-arthritis 
involving the articulations of the fifth lumbar vertebra. Lipiodol injection disclosed a 
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Fig. 4-A 4-B 
_ Fig. 4-A: Case 5. Congenital abnormality of fifth lumbar vertebra with defect 
[ in the lipiodol shadow at the fourth intervertebral space on the left side. 
Fig. 4-B: Postoperative roentgenogram (one year) showing very satisfactory graft 
bridging sacrum and lower lumbar segments. 


filling defect at the level of the fourth lumbar intervertebral disc on the left side (Fig. 
4-A). 

On February 2, 1938, lumbar laminectomy and spine fusion were carried out (Dr. 
J. J. Keegan, Dr. R. D. Schrock, and the author), in which the herniated dise on the 
left anterolateral wall of the spinal canal at the level of the fourth intervertebral disc was 
removed. Tibial grafts were placed over a layer of soft tissue covering the dura, extend- 
ing from the denuded sacrum to the third lumbar vertebra. 

Examination on February 4, 1939, one year after operation showed a slight foot- 
drop gait. The dorsiflexors of the foot had recovered two-thirds of their normal strength 
with complete return of sensation. Roentgenographic examination showed satisfactory 
bridging of the lumbosacral spine by the tibial grafts (Fig. 4-B). 


Comment: The marked neurological findings at first examination 
made the indications clear, but a ten weeks’ delay occurred because of 
failure to obtain authority from the insurance carriers for the operation. 


Case 6. L. F., male, aged thirty-four years, was seen on November 1, 1937. He 
stated that, at the age of eighteen years, he had experienced 2 sharp, stabbing pain in the 
low back when lifting a heavy weight. He remained in bed for one week. Since that 
time, he had had pain whenever he attempted to lift anything or to bend forward. Re- 
cently the pain had been more constant, radiating into both hips and down toward the heels. 

Examination of the spine showed no gross deformity, with the exception of some 
flattening of the lumbar spine. All motions were guarded, especially forward flexion. 
The patient complained of tenderness over the lumbosacral area. Examination of the 
lower extremities revealed a definite reduction in the left ankle reflex and an area of 
slightly reduced pain sensation over the lower lateral surface of the left leg and ankle, 
and the dorsum of the foot. Roentgenographic examination disclosed a first-degree 
spondylolisthesis with a defect through the isthmus of the posterior arch of the fifth 
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Fig. 5-A Fig. 5-B 
Fig. 5-A: Case 6. Oblique view, before operation, illustrating lipiodol shadow 


suggestive of arachnoiditis. 
Fig. 5-B: Lateral view, six months after operation, showing fusion of the lumbo- 


sacral spine. 


lumbar vertebra. Lipiodol myelography showed failure of the oil to pass above the upper 
level of the second lumbar vertebra, although it descended into the caudal sac. No 
definite filling defects were recognized (Fig. 5-A). The spinal fluid showed a cell count 
of 38, with normal protein content. 

Due to the mechanical disturbance in the lumbosacral region, a period of conserva- 
tive treatment was carried out in the form of traction to the left lower extremity, fol- 
lowed by a hip spica for six weeks. There was little or no relief of symptoms. Laminec- 
tomy was performed (Dr. J. J. Keegan) on December 11, 1937. Through an incision 
over the spines of the last three lumbar vertebrae, the laminae of the fourth and fifth 
lumbar vertebrae were removed. There was slight fullness of the dural sac between 
these vertebrae, with evidence of constriction at the level of the fifth lamina, but no herni- 
ated disc was found. The arachnoid membrane was more opaque than normal, and, 
upon being incised, adhesions were noted about the nerve roots of the cauda equina, 
which were banded together, but were easily separated. There was temporary relief of 
pain, but disability persisted. Roentgenographic examination, on February 17, 1938, 
disclosed absence of the laminae of the second, third, fourth, and fifth lumbar vertebrae, 
with increased fo1ward displacement of the fifth lumbar on the sacrum. Neurological 
signs were positive. 

At operation, on May 12, 1938 (Dr. J. J. Keegan and the author), the cauda equina 
was explored up to the level of the second lumbar vertebra, but no intraspinal pathology 
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TABLE I 
ANALYSIS OF Forty Cask STUDIES 


Age: 


Average.... 41 years 


Etiology: 
Mechanism: 
Twisting...... 
Direct blow... . 
Spinal puncture. . . 


Duration of Symptoms: 
Average 


2 weeks to 40 years 
5 years plus 


Positive Neurological Findings: 


19 or 79.17 per cent. 
Spinal-Fluid Readings: 
Cell-count range............ 0 to 38 cells 


Lipiodol Studies: 

Level fourth lumbar. . 10 
With no defect... . . ee 


24 


16 


Treatment: 
Laminectomy and fusion............. 


te 


Postoperative Diagnosis: 

Nucleus pulposus.......... 
Combined dise and ligament... . . 

Hypertrophied ligamentum flavum............ 

Epidural venous varix... . 


14 


End Results* in Operated Cases: 


Complete relief................ 20 or 83.33 per cent. 
Partial recovery................ 3 or 12.50 per cent. 
No improvement................ l or 4.17 per cent. 


* Average length of time since operation approximately two years. 
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6 
Hour-glass defect, characteristic of hypertrophied ligamentum flavum. Diagno- 
sis verified at operation. 


was found. Long, slender tibial grafts were placed from the spinous processes of the 
upper lumbar vertebrae across to the sacrum. The patient was discharged from the 
hospital three weeks after operation, wearing a plaster jacket; he was instructed to re- 


main in bed for eight weeks. 
Examination six months after operation revealed a moderately rigid, painless back. 


The patient stated that he was able to do light work. Roentgenographic examination 
(Fig. 5-B) disclosed a satisfactory osseous bridge extending from the sacrum to the upper 


lumbar spine. 

Comment: This case presents a complicated situation in which the 
final diagnosis was congenital abnormality of the lumbosacral spine and 
arachnoiditis. The adhesions noted in the nerve roots of the cauda 
equina were probably due to old hemorrhage from the trauma sustained 
several years previously. 7 

CONCLUSIONS 

1. In patients presenting symptoms of low-back pain and periph- | 

eral-nerve changes, an intraspinal compressive lesion should always be 


borne in mind. 
2. The final diagnosis not infrequently is made at the time of the 
exploratory laminectomy, this procedure then being a combined diagnostic { 


and therapeutic measure. 
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THE SURGICAL TREATMENT OF DEGENERATIVE 
ARTHRITIS OF THE KNEE JOINT * 


BY G. E. HAGGART, M.D., BOSTON, MASSACHUSETTS 


From the Department of Bone and Joint Surgery, The Lahey Clinic, Boston 


In common with the majority of physicians, we have considered the 
results of the treatment of degenerative (hypertrophic) arthritis of the 
knee joint to be unsatisfactory. The therapy employed has been essen- 
tially conservative in character, comprising many different procedures and 
manoeuvres, all based on the principles of rest, physiotherapy, and im- 
proving in so far as possible the mechanics of weight-bearing. Often 
under treatment the patient has been relieved, but, as a rule, only until 
he resumes normal activity when the knee symptoms have recurred, 
sometimes with surprising rapidity. 

Because of these unsatisfactory therapeutic efforts in a relatively con- 
sistent clinical picture of knee-joint involvement, and because of the oeea- 
sional opportunity to correlate clinical findings with actual joint pathology 
observed when synovectomy was performed, the surgical procedure to be 
described was planned and has been carried out with most encouraging 
results. Therefore, we now believe that in selected cases, which exhibit 
disability from degenerative arthritis of the knee joint, surgery is the 
preferred method of treatment. 


PATHOLOGY AND CLINICAL DATA 
2 


Most significant are the gross and microscopic studies of Keefer, 
Parker, Myers, and Irwin on 100 knee joints from seventy-seven consecu- 
tive necropsies. Death had resulted from a variety of causes, and the 
cases were not selected on the basis of previous clinical diagnosis or the 
presence of symptoms in the joints. Anatomical changes were seen with 
increasing frequency with advancing age, and after thirty between 66 
and 100 per cent. of all the knee joints revealed gross anatomical changes. 
These abnormalities were most frequently observed at the points which 
were in turn subjected to the greatest movement, weight, and pressure. 
In particular the authors noted that degenerative change was most often 
found at the median horizontal facet of the patella and along the patellar 
groove of the femur. In other words, the two regions of the knee that 
most frequently exhibit degenerative arthritis are in relation to the patella. 

These authors observed that on gross examination the character of 
the degenerative lesions varied from slight fibrillation of cartilage to thin- 
ning and erosion of the cartilage and exposure of the subchondral bone. 


* Read at the Annual Meeting of the American Orthopaedic Association, Kansas 
City, Missouri, on May 7, 1940. 
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Microscopic study re- 
vealed that an early 
change was splitting 
of the cartilage, fol- 
lowed by depression 
of the underlying sub- 
chondral bone, which 
then altered the con- 
tour of the normal 
joint line. When the 
‘artilage was com- 
pletely destroyed and 
the subchondral bone 
was injured, the latter 
attempted repair by 
new-bone formation. 
Exostoses were formed 
by alteration in the 
normal joint line, due 
Fic. 1 to compression and 

Artist’s drawing made at operation to illustrate the flattening of the joint 
pathology seen in advanced degenerativ , arthritis of the surface. These au- 
nee. There is widespread erosion with degeneration of 
the articular cartilage, especially along the patellar groove thors, therefore, con- 
as a marked hyperplasia of the cluded that the ana* 
tomical change de- 


scribed—that is, degenerative arthritis—was due to various factors, such 
as aging of tissue, wear and tear, strain, trauma, occupation, and static 


deformities. 
Key and Bauer and Bennett have reported able experimental work, 


which demonstrates that the pathological picture of degenerative arthritis 
can be produced by mechanical insults to a joint, and this further supports 
the hypothesis ‘‘that degenerative arthritis results from frequent trauma 
to opposing articular surfaces’’. 

Our clinical observations indicate that degenerative arthritis of the 
knee. joint begins at the third decade, but it is occasionally observed in 
younger individuals who have sustained severe trauma to the knee or in 
whom the joint has been exposed to excessive stress and strain. These 
patients with degenerative arthritis of the knee joint are usually over- 
weight, and the musculature of the extremities is often inadequate, be- 
cause of the constant discomfort in the joint and the subsequent effort to 
protect the articulation. Swelling of the knee region is frequently ob- 
served,—a result of hyperplasia of the synovial membrane, together with 
the presence of increased synovial fluid. On palpation during motion, 
crepitation beneath the patella is a common observation, while passive 
motion of that bone is often painful. Patients locate the pain and tender- 
ness in the anterior knee region, usually centered about the patella. 
Persistent flexion contracture is observed, while the limitation of normal 


THE JOURNAL OF BONE AND JOINT SURGERY 


| 
ae: 
4 a 
> 
NG 
34 
[ot 
: 
4 
| 
| 


DEGENERATIVE ARTHRITIS OF THE KNEE JOINT 719 


flexion is due to pain and to swelling of the soft parts with increased joint 
fluid. The disability is often very pronounced. 

Roentgenograms of these knee joints have consistently shown de- 
generative changes about the patella when such evidence of arthritic re- 
action was not always so readily visible in other parts of the articulation. 
In some instances the patella has been enlarged, with marked exostoses, 
particularly on the proximal and distal ends of the bone (Fig. 6-A). A 
narrowed joint space is often seen. The roentgenograms are remarkable, 
in that they rarely give an accurate idea of the degree of degenerative 
change which is actually present. There is no indication in these films of 
the extent of erosion of the cartilage, particularly of the femur and of the 
patella, that has so consistently been seen at operation. This observation 
is confirmed by the experimental work of Lachmann, who has demon- 
strated the limitations of roentgenographic diagnosis of destructive lesions 
of the knee joint by illustrating that not all osseous defects are visible on 
the roentgenogram, in either frontal or profile views, unless they are of 
minimum size. 

The pathology shown at operation in a severely involved knee is illus- 
trated in Figure 1. Attention is called to the marked hyperplasia of the 
synovial membrane; to the erosion of the articular cartilage, particularly 
over the femoral condyles; to the thinning and fibrillation of the cartilage 
of the patella, as well as to the hypertrophy of this bone. Besides actual 
erosion, there was relatively widespread degeneration of the articular 
Cartilage, with frequent exposure of the subchondral bone, which, in turn, 
was eburnated. The most pronounced degeneration of the femoral 
‘artilage was consistently found in the patellar groove. In five patients 
the exostoses along the margin of the femoral cartilage impinged upon 
similar exostoses on the articular surface of the tibia. 

Without exception, all individuals who submitted to operation had 
previously undergone a course of conservative treatment in the Clinic, 
which, in conjunction with the medical supervision given elsewhere, rep- 
resented a period of conservative therapy of from three to ten years. As 
a result of our surgical experience and the degree of function that has been 
obtained, we now feel that a prolonged course of preoperative conserva- 
tive treatment is not necessary in these cases. At the present time each 
patient on admission is given a careful general medical examination in 
addition to the orthopaedic survey. Preliminary treatment—such as 
weight reduction, muscle training, and development of muscle tone—is 
then instituted, and the same regimen is continued after operation. 


SELECTION OF PATIENTS 


An outstanding requirement in patients submitted for knee surgery is 
that they impress the examiner as being cooperative: that they will, in so 
far as he can tell, carry out the initially painful and often wearisome exer- 
cises, and that they will faithfully adhere to the regimen of progressive 
activities and remain on their diet —all essential factors in the postopera- 
tive stage of treatment to achieve a satisfactory end result. The 
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necessity of such cooperation cannot be too strongly emphasized. In the 
twenty cases here reported, the time from operation until the patient was 
no longer under active office supervision averaged three months. 


EXCISION OF THE PATELLA 


Since we share the opinion that ‘‘degenerative arthritis of the knee 
joint is the result of wear and tear, of increasing age and repeated trauma, 
which may be caused in a variety of ways, and is not the result of an in- 
flammatory process, metabolic disturbance, or endocrine dysfunction”, 
and because of the inability of articular cartilage to regenerate, and, fi- 
nally, since by clinical, pathological, and roentgenographic examinations 


condyle | 
tight’ femur 


of patella. 


The median parapatellar utility incision which permits wide exposure of the 
joint. After rotation, the patella, the articular surface anterior, may be 
readily dissected free from the underlying tendon and removed. 
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the most frequently affected area in the knee joint is in relation to the patella, 
it appeared to be a reasonable thesis that, if the patella were markedly 
reduced in size or removed, there would follow an appreciable diminution 
in clinical symptoms, with consequent improvement in function. 

Was the patella essential to normal function of the knee joint? All 
authorities consulted indicated that such was the case. Hence, our initial 
operative efforts on the patella were confined to a form of ‘‘ patellaplasty”’ 
(Blodgett and Fairchild), which entailed pronounced reduction in its size 
and covering the articular surface at first with fascia and later leaving such 
a thin wafer of the bone that it could be covered with plications of the 
extensor tendon. It was not until 1935, when we learned of the functional 
results which followed total excision of the patella for fracture, as per- 
formed by Brooke in a large series of cases which he reported in 1937, that 
this step in the operation became routine. 

Excision of the patella is not a new procedure, as C. L. Scudder, 
in 1898, reported a case of comminuted fracture of this bone, which was 
treated by removal of all the fragments; and a similar operation was 
‘arried out by C. C. Rogers in 1908. Furthermore, in 1938, Tippett 
briefly reported the results of excision of the patella for osteo-arthritis 
in two patients, with good functional results, four and five months, 
respectively, after operation. 

As a result of his studies on removal of the patella, Brooke pointed out 
that this bone is an integral part of the skeleton phylogenetically inherited, 
and, furthermore, he called attention to the fact that the work of Bernays 
and later that of Kazzander showed that the patella is neither situated 
nor developed in the tendon of the quadriceps muscle, but is located quite 
independent of and behind the tendon. In conclusion, he stated that 
there is clinical evidence to warrant considerable doubt as to the mechani- 
‘al value of this bone in movements at the knee joint. 

In 1936, twenty cases of partial and total excision of the patella 
following fracture, in which operations had been performed during the 
previous four years. were reported by Blodgett and Fairchild. In eight of 
these patients the entire patella was removed, with excellent results. The 
remaining individuals in this group were treated by partial excision of the 
patella, with removal of all of the small fragments. Shorter convalescence 
and earlier return to function by excision of small patellar fragments after 
fracture were likewise emphasized by Thomson in 1935. 

Berkheiser has recently described excision of the patella in arthritis 
of the knee joint in eleven patients. There were four cases of atrophic 
arthritis, two of gonorrhoeal arthritis, and, of the remaining five cases, 
two were classified as traumatic arthritis. Satisfactory results are re- 
ported in eight cases, but the author adds that the fair results in the other 
three patients were because of poor selection. 

In the group of patients here reported, no patient with a preoperative 
diagnosis of rheumatoid arthritis is included, as we have not found ex- 
tensive surgery a helpful procedure in this type of arthritic involvement. 
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In addition to removal of the patella, we also carried out synovec- 
tomy, removal of exostoses, and the shaving down of fibrillated and 
degenerated articular cartilage; in other words, we have removed all 
abnormalities in so far as feasible. This type of operation has been 
extensively performed by Magnuson in a large series of cases, with ex- 
cellent results. 

OPERATIVE TECHNIQUE 

Figure 2 illustrates the median parapatellar incision which has been 
utilized in nineteen of our cases; in one instance the knee was opened by a 
curved transverse incision at the inferior margin of the patella. The 
proximal end of the incision extends well up into the medial aspect of the 
tendon of the quadriceps, so that it is relatively easy to rotate the patella 
laterally and thus to allow for its removal. This approach was originally 
employed as the most satisfactory utility incision for adequate exposure 
of the knee joint. In this connection the author has been informed by 
John Adams that a split-patellar incision works as well as, if not better 
than, the one described. In patients more recently operated upon but not 
included in this report, the joint was visualized through a vertical incision 
centered over the patella, and the latter bone was removed by sharp 
dissection (Figs. 3-A and 3-B). 


Fic, 4-A Fic. 4-B 

Fig. 4-A: Case 1. Preoperative roentgenogram. 

Fig. 4-B: Lateral roentgenogram five years after operation. The extensive 
degenerative changes evidenced in the preoperative film are not visible after sur- 
gery. The patella is reduced in size. There are no symptoms and motion is 
normal. 

In the first patient treated by this procedure the hyperplastic patella 
was cut down to a thin wafer of bone (Figs. 4-A and 4-B), and its articular 
surface was covered with fascia. Subsequently this latter step was 
omitted with no apparent ill effects, and finally the patella was excised. 
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Case 1. Photograph of degenerated cartilage, menisci, loose bodies, exostoses, 
and hyperplastic synovial membrane removed at operation. 


Fic. 6-A 
Case 2. Anteroposterior and lateral roentgenograms in an obese woman of 
sixty-one years, which show advanced degenerative arthritis, resulting in almost 
total disability. Note hypertrophy of the patella, which has been displaced to the 
lateral side. (There was a definite history of recurrent lateral dislocation of the 
patella.) 
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Our experience confirms Brooke’s statement that the patella is not 
essential to normal function of the knee joint. 

Hyperplastic synovial membrane was removed from the knee joint 
with the exception of the posterior compartment, including the fat pad, as 
well as one or both of the menisci, if these latter structures appeared dam- 
aged. Exostoses and productive bone changes along the articular margin 
were cut away (Fig. 5). The capsule was closed with interrupted silk 
stitches; the subcutaneous tissue, with interrupted plain gut; and the skin, 
with interrupted silk. In the majority of patients a long leg cast was then 
applied, following the postoperative dressings, which included a large, 
fluffy, cotton pad about the knee. When employed, the cast was removed 
in from five to seven days. 

POSTOPERATIVE COURSE 

After removal of the cast, the patient again resumed muscle exercises, 
together with intensive local heat to the knee, as well as infra-red light 
to the leg as a whole and massage of the thigh and of the lower leg. 


One of the most effective methods of obtaining early motion in the 
knees of these patients has been to suspend the extremity at the ankle in a 


Fic. 6-B 
Case 2. Two and one-half years after operation. As compared with Fig. 6-A, 
there is relatively slight evidence of degenerative change in the knee joint. The 
destructive reaction in the lateral tibial condyle has been repaired. The patella, of 
course, is absent. The irregularity of the femoral shaft is the result of a com- 
minuted supracondylar fracture one year previously. This patient now has 
normal knee function without symptoms. 
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sling attached to an elastic cord, which, in turn, is fastened to the overhead 
bar of a Balkan frame, and then progressively to institute bicycle exercises. 
This is a simple and yet most efficient apparatus, for knowledge of which 
the author is indebted to Loring Swaim. As soon as adequate muscle 
strength, particularly of the quadriceps group, was obtained, the patient 
became ambulatory in progressive stages, walking with crutches. The 
latter were employed to protect the quadriceps muscle. 

With one exception, all operative wounds healed by first intention. 
That one case was in an extremely obese patient, who exhibited some ne- 
crosis of fat tissue at the lower end of the incision. The knee joint was not 
involved. This area was cleaned up with azochloramide dressings and 
then was closed with a skin graft. In no instance was it necessary to 
aspirate the knee postoperatively. 

Gentle manipulation of the knee under intravenous pentothal 
anaesthesia was carried out on all patients within three weeks following 
operation and before discharge from the hospital. The purpose of this 
procedure was to break up adhesions which had formed in the joint and to 
ensure more rapid return of function. There was slight or no reaction in 
the knee after this manoeuvre, while the range of motion was very rapidly 


increased. 
NUMBER OF PATIENTS AND RESULTS 


The knee joints of twenty patients have been operated on in the 
manner described. In each individual only one knee was treated. The 
average age of this group was fifty-six years. There was one failure, 
which will be described in some detail. Of the remaining nineteen pa- 
tients, all are improved, in many instances markedly so, as compared with 
the preoperative state. The duration of the follow-up ranged from nine- 
teen months to five years; the average length of observation after opera- 
tion was twenty-eight months. 

There was an increase in the range of motion in nineteen patients 
after operation, as compared to the preoperative joint function. All of 
this group had normal active extension of the knee. The minimum range 
of flexion was 75 degrees (15 degrees less than a right angle), while the 
maximum was normal. Of these nineteen patients, fifteen had a normal 
range of motion. Each patient had a stable joint, and none exhibited 
swelling of the knee. Eight patients stated that they had no symptoms 
referable to the knee joint; six noted that there was some intermittent 
aching discomfort present in the knee, particularly following exposure 
to cold or damp weather or after unusual effort. In four patients there 
was occasional aching pain, especially after a rest period succeeding 
an interval of pronounced physical activity. One patient complained 
of painless crepitation on knee-joint motion, which appeared to be the 
result of proliferative change over the distal anterior femur (Fig. 7-B). 

In summary, all nineteen patients stated that they did not suffer 
severe pain and that they experienced no symptoms comparable to those 
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Fig. 7-A Fic. 7-B 


Fig. 7-A: Preoperative lateral roentgenogram in a woman, sixty-two years old, 
showing many loose bodies and marked hyperplasia of the synovial membrane, 
resulting in pronounced disability. 

Fig. 7-B: Nineteen months after operation. There is normal motion of the knee 
joint with painless crepitation. For cause of proliferative change over the distal 
anterior aspect of the femur, see text. 

present before the operation; all of these patients have returned to their 
previous occupations. 

Of the patients operated upon, with one exception, the follow-up 
roentgenograms showed essentially no changes when compared with the 
immediate postoperative films, and in no instance did the follow-up 
roentgenogram show the extensive degenerative changes revealed in the 
film taken before operation (Fig. 6-B). The roentgenograms of this one 
individual exhibited definite proliferation of periosteal bone over the 
distal anterior aspect of the femur (Figs. 7-A and 7-B). At operation the 
synovial membrane in this knee joint was excessively hyperplastic, and 
there was advanced degenerative arthritis. During the postoperative 
period it was exceedingly difficult to persuade this patient to carry out her 
exercises, and, because of this fact, manipulation was postponed until five 
weeks after operation. It is therefore believed that these proliferative 
changes were the result of injury to the periosteum of the femur following 
the manipulation, because it was done at such a late date. 

One case was a definite failure and warrants a detailed report. 

This patient was a minister, fifty-five years of age, who had been seen in the Clinic at 

intervals during the preceding eleven years, because of an intermittent cyclic synovitis 
with effusion in the left knee joint of unknown etiology. The roentgenograms revealed 
early degenerative arthritis. Synovectomy was advised but refused. 

Two years before hospitalization this patient began to experience real disability for 

the first time, due to increasing pain in the left knee. Seven weeks and again two weeks 
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before admission, the knee had ‘‘locked”’ for several hours. On admission, the patient 
exhibited a 60-degree flexion deformity with marked atrophy of the musculature of the 
extremity, together with swelling of the knee region and marked tenderness over the 
medial joint line. In this same preoperative interval joint discomfort in other parts of 
the body had begun to develop. Examination before knee arthrotomy did not indicate 
any significant degree of widespread joint pain, and there were no objective joint changes 
other than some wrist stiffness with slight swelling. 

Preoperative roentgenograms of the involved knee revealed advanced degenerative 
changes and generalized bone atrophy, as well as marked hyperplasia of the synovial 
membrane with increased joint fluid. In the hospital the patient received three weeks’ 
preoperative treatment—comprising continued traction to the leg, intensive physio- 
therapy, muscle training, heat, and massage—to reduce the degree of flexion contracture 
and to develop muscle power. This was accomplished to the point where there remained 
a persistent 15-degree knee flexion. It was then felt that following operation the re- 
mainder of this contracture could be eliminated. 

At operation there was widespread and very marked degeneration of the articular 
and semilunar cartilages, together with a pronounced hyperplasia of the synovial mem- 
brane, including areas of necrosis. Obvious panus formation was evident over the margi- 
nal areas of the femoral cartilage, which indicated that we were here dealing with a mixed 
type of arthritis. This was later confirmed. In the postoperative period the flexion 
contracture was not completely corrected, and there was pain in the joint on weight- 
bearing, together with some local swelling. Six months after operation a widespread, 
clinically typical, rheumatoid arthritis developed. While this patient states that he does 
not now experience the severe knee pain which was present before operation, and that the 
joint no longer locks, there still remains a 20-degree flexion deformity, as well as muscle 
atrophy of the extremity. 

This poor result was due to faulty selection, as it was not recognized 
that we were dealing with a mixed type of arthritis wherein the rheumatoid 
element predominated. 

CONCLUSIONS 

In patients with pronounced disability from degenerative arthritis of 
the knee joint, who are selected on the basis of their physical fitness for 
operation and in particular for their willingness to cooperate with the 
postoperative regimen herein described, the surgical procedures as detailed 
in the text result in marked amelioration of symptoms. Over a follow-up 
period ranging from nineteen months to five years, postoperative observa- 
tions on a group of twenty patients indicate that the surgical treatment of 
degenerative arthritis deserves an important part in the physician’s 
armamentarium. 
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INTERPOSITION OF SESAMOIDS IN METACARPO- 
PHALANGEAL DISLOCATIONS 


BY P. DAVID NUTTER, M.D., DETROIT, MICHIGAN 


Sesamoid bones are fairly constant at the metacarpophalangeal joint 
of the thumb and are usually double. They are frequently present at 
the metacarpophalangeal joints of the index and fifth fingers. Two are 
often present in the index finger. Occasionally they are found in the 
third and fourth fingers. These sesamoids are located in the capsular 
ligament on the palmar aspect of the joint, serving to help strengthen its 
palmar wall. The concave articular end of the base of the proximal 
phalanx is very shallow; thus these sesamoids also help to deepen the an- 
terior bony part of the joint. 

Several of the various textbooks on fractures and dislocations !: *: * 
mention interposition of capsule and sesamoids in metacarpophalangeal 
dislocations and the obstacles to reduction which they present. In the 
experience of the Bone and Joint Service of the Receiving Hospital, De- 
troit, Michigan, it has been found that, with the exception of the thumb, 
metacarpophalangeal dislocations ordinarily are easy to reduce, but a few 
cases have required a considerable amount of manipulation, which has 
taxed the patience, skill, and ingenuity of the operator. These few cases 
have well earned the reputation of being among the most difficult acute 
dislocations to reduce which we have encountered. 

The following two cases illustrate that interposition of surrounding 
structures is the greatest factor in making closed reduction difficult and 
sometimes impossible. This problem was further complicated in Case 1 
by the fact that the sesamoid with its detached ligament was pulled over 
the metacarpal head and its proximal edge was hooked over the dorsum 
of the distal end of the metacarpal. 


CasE 1. S. G., colored, male, aged forty-four, a laborer, on September 16, 1939, 
came to the Hospital with a history of having fallen from a stepladder, resulting in an 
injury to the left hand. The patient’s description of the way in which this injury was 
produced was vague and was of no value in accurately determining the mechanism of 
this type of dislocation. Examination revealed a small skin laceration in the palm of the 
left hand with deformity of the second and third metacarpophalangeal joints. The 
hand was greatly swollen, and the patient complained of severe pain, which radiated up 
the arm to the shoulder. 

The laceration in the palm was cleansed thoroughly, and the skin was closed with 
black-silk sutures without using any anaesthetic. A roentgenogram of the left hand 
confirmed the clinical diagnosis of posterior dislocation of the second and third metacar- 
pophalangeal joints. A single sesamoid was present at the second metacarpophalangeal 
joint. The significance of the position of this sesamoid at the time when the roentgeno- 
gram was read was not appreciated by the operator. 

The patient was given nitrous oxide followed by ether anaesthesia. An attempt 
was made to reduce the dislocated joints, using manipulation and traction in the usual 
manner, by first slightly hyperextending the dislocated fingers and pushing downward 
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on the bases of the proximal phalanges until the bases came opposite the metacarpal 
heads and then forcing them over the metacarpal heads into position. This was first 
tried on both fingers together, then on each one separately. The dislocation of the third 
metacarpophalangeal joint was reduced after much manipulation, but promptly recurred 
while the operator was attempting to reduce the dislocation of the other joint. Further 
attempts were then made to reduce the dislocations by various manoeuvres, but were 
unsuccessful. 

Traction wires were then inserted through the pulp of the distal phalanx of each dis- 
located finger and were attached by elastic bands to a banjo splint, which held the fingers 
in 145 degrees of flexion. The traction was increased from day to day and was checked 
roentgenographically. After a week no change in the relation of the bones was found. 
The hand remained swollen, but the pain markedly subsided. The lacerations healed 
by primary intention. 

Open reduction was then decided upon, but the skin on the dorsum of the hand was 
in an unhealthy condition. This was fissured and oedematous, which made any oper- 
ative procedure inadvisable, because of the risk of infection. The traction angle was 
then changed from 145 degrees of flexion to 120 degrees of flexion and after a week was 
checked with another roentgenogram, which showed no improvement in the dislocations. 
The traction was continued until October 23, 1939, at which time the skin was considered 
to be healthy enough to make an operative procedure safe. At this time a check-up 
roentgenogram showed some destructive change in the third metacarpal head. 

On October 24, 1939, through a dorsal incision, one and one-fourth inches long, be- 
tween the heads of the second and third metacarpals, the dislocated joints were exposed. 
The sesamoid in the palmar capsular ligament of the second metacarpophalangeal joint 


Fig. 2-A 


Case 2. J.S. Roentgenograms before reduction, showing a posterior dislocation 
of the fifth metacarpophalangeal joint with interposition of a single sesamoid. 
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was found to be pulled 
through the joint space 
with its ligament, which 
was still attached prox- 
imally. The proximal 
edge of the sesamoid was 
hooked over the dorsum 
of the head of the meta- 
carpal, while the capsular 
ligament in which it was 
embedded was detached 
from the base of the prox- 
imal phalanx and covered 
the metacarpal head. 

The sesamoid was 
detached from the dorsum 
of the metacarpal head 
and replaced in its normal 
position. By manipula- 
tion and traction the dis- 
location was then easily 
reduced. 

The head of the third 
metacarpal was found to 
be quite necrotic and 
fragmented. At the time 
of operation this was 
thought to be due to an 
aseptic necrosis. The 


necrotic head re- 
moved, and portions of Case 2. Roentgenogram after reduction, showing the 
sesamoid in its normal position. 


Fig. 2-B 


the joint capsule were 
found to be interposed be- 
tween the metacarpal head and the base of the phalanx. This was excised, and the dis- 
location was reduced in the same manner as the other joint. The wound was then closed 
by reconstructing each successive layer as well as possible. An anterior molded plaster 
splint was applied, which held the wrist in dorsiflexion and the fingers in 140 degrees of 
flexion. 

On the second day following operation a bloody discharge was noted on the dress- 
ings of the wound. The dressings were removed, and a purulent bloody drainage was 
found to be oozing from the wound. Sterile, hot, wet magnesium-sulphate compresses 
were applied locally, and the following day all skin sutures were removed. Roentgeno- 
graphic examination showed evidence of further destruction of the third metacarpal, 
and a diagnosis of osteomyelitis was made. Hot compresses were continued for two 
weeks longer, and the discharge gradually subsided. The wound quickly healed by fill- 
ing up from the bottom with granulation tissue. 

Active exercises were begun ten days following operation, and, when the wound 
had completely healed, daily baking and massage were added. The patient was dis- 
charged from the Hospital on November 18, 1939. He returned to the Physiotherapy 
Department three times a week for baking and massage and exercises of the hand for a 
period of three weeks following his discharge. At the end of this time, examination 
showed that the patient had full active extension of both injured fingers and flexion of 
each finger to 108 degrees. 

Case 2. J.S., white, male, aged twenty-nine, a laborer, came to the Hospital on 
December 9, 1939, with a history of having fallen, striking the palm of the right hand and 
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the fingers on acurb. Examination revealed a posterior dislocation of the fifth metacarpo- 
phalangeal joint with a considerable amount of swelling. Roentgenographic examina- 
tion confirmed the physical findings and also showed the presence of a single interposed 
sesamoid bone. 

The patient was given nitrous oxide, followed by ether anaesthesia, and an attempt 
was made to reduce the dislocation by the usual method of hyperextension, traction, and 
flexion, but this was unsuccessful. The dislocated finger was then manipulated by main- 
taining moderate traction and at the same time rotating the dislocated phalanx first 
medialward and then lateralward several times. The sesamoid was felt to slip anteriorly 
into place, and the dislocation was then easily reduced in the usual way. A check-up 
roentgenogram showed a reduction of the dislocation with the sesamoid in its normal 
position. 

A posterior molded plaster splint was applied, holding the fourth and fifth fingers in 
90 degrees of flexion. This was removed at the end of two weeks, and light exercises 
were begun. A check-up examination, two weeks after removal of the plaster splint, 
showed that the patient had a full range of painless active motion in the injured joint. 


CONCLUSIONS 


1. Interposition of sesamoids in metacarpophalangeal dislocations 
frequently adds to the difficulty of reduction of these dislocations. 

2. When the interposition of sesamoids is present an attempt should 
first be made to replace these bones in their normal positions by moderate 
traction on the fingers and rotation of the phalanges medialward to lateral- 
ward several times before reduction of the dislocations is tried. 
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SPONTANEOUS HEMARTHROSIS DUE TO 
SYNOVIAL GRANULOMA 


BY JAMES K. STACK, M.D., F.A.C.S., CHICAGO, ILLINOIS 


From the Division of Surgery, Northwestern University Medical School, Chicago 


In the absence of definite inflammatory disease, spontaneous swelling 
of a joint is an unusual and startling symptom. The so-called intermit- 
tent hydro-arthrosis, characterized by the periodic sudden development 
and subsequent absorption of an effusion, has in many instances a definite 
etiological factor. Often, however, the cause is obscure, although the 
condition is considered by many to be an allergic manifestation. For- 
tunately, when an effusion contains blood and no injury has immediately 
preceded the onset, the differential diagnosis narrows down to two groups 
of lesions: (1) blood dyscrasias, such as hemophilia, leukaemia, purpura, 
and the like; and (2) tumors. The synovial cavity does not differ from 
other serous cavities in that the aspiration of a bloody fluid, in the ab- 
sence of injury or blood dyscrasia, points to the presence of a tumor, the 
surface of which has been eroded. In most instances of spontaneous 
hemorrhage into a joint, the blood will provoke an effusion, and the ad- 
mixture has a consistency and appearance which immediately distinguishes 
it from pure blood. However, if a cavernous hemangioma involves the 
synovial cavity, it is possible to aspirate pure blood from one of the tumor 
spaces. Such a finding is usually pathognomonic. 

Tumors arising from synovial membrane are rare, but, when found, 
they involve the knee more frequently than any other joint. This fact is 
borne out by the several small series available in the literature. Com- 
monly these tumors are benign—xanthomata and hemangiomata—but of 
the primary malignant group the synovioma is most frequently mentioned. 
This is an ill-defined growth, the classification of which is controversial. 
Sarcoid tumors, fibrosarcoma, mixed-cell sarcoma, myeloid sarcoma, and 
myeloplaxoma are other names used to designate malignant growths 
thought to be primary in synovial tissues. The tumor in the following 
‘ase is considered worthy of a report because: (1) despite its simple and 
benign nature, it was capable of producing recurrent spontaneous bleeding 
into a joint cavity,—a feature usually reserved for lesions of a more serious 
nature; (2) although the réle of trauma in its production seems well estab- 
lished, its subsequent growth and clinical course take it out of the category 
of the ordinary synovial impingement, which may cause transient symp- 
toms following trivial injuries; and (3) a discussion of synovial granuloma 
is not available in the literature. 
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CASE REPORT 


C. C., a white male, twenty-four years old, was admitted to Passavant Memorial 
Hospital on April 18, 1939. He stated that on September 2, 1938, he had struck his right 
knee against the dashboard of hiscar. Although the skin was unbroken, slight generalized 
swelling and tenderness followed, but subsided in two or three days. Two months later 
(November 1938), while walking, the knee began to swell for no apparent reason. The 
swelling attained such proportions and became so painful that two aspirations were neces- 
sary to relieve the tension. Each time about fifty cubic centimeters of synovial fluid was 
withdrawn. A light cast was applied, and, at the end of ten days, the knee appeared 
normal. The patient did not complain of pain, but some quadriceps weakness was 
present. A few days after 
the removal of the cast, 
while the patient was 
walking with the aid of a 
cane, the swelling and pain 
recurred, and aspiration 
was again necessary. 
This time about thirty 
cubie centimeters of 
bloody synovial fluid was 
removed. At the end of 
two weeks the patient re- 
turned to his work, com- 
plaining only of weakness 
of the knee, which was ex- 
plained by the increasing 
atrophy of the thigh. In 
April 1939, seven months 
after the injury, and five 
months after the appear- 
ance of the first effusion, 
all symptoms had subsided 
and the patient was in no 
way disabled, when, while 
walking, he suffered an- 
other recurrence of the en- 
tire syndrome.  Aspira- 
tion this time produced 
fifty cubic centimeters of a 
frankly bloody synovial 

Fig. 1 

Median parapatellar incision used. With the patella re- studies of the knee con- 


flected laterally and the knee flexed, the location, shape, : Raia : i 
and relative size of the tumor and its pedicle are seen, tinued to be negative, and, 
after removal of the fluid, 


no masses, localized tenderness, or abnormal motion could be found. The history, 
aside from this specific complaint, was negative, as was the general physical exami- 
nation. Blood and urine studies revealed nothing of importance, and a smear and 
culture of the aspirated fluid were not helpful in establishing a diagnosis. 

The patient finally consented to an exploration of the knee, and a preoperative diag- 
nosis of synovial tumor—probably a small hemangioma—was made. On April 19, 1939, 
the knee was operated upon. When the joint was opened, the synovial membrane was 
found to be somewhat oedematous, and it had the icteric tint usually found after hemor- 
rhage. On the medial surface of the synovia at the level of the femoral condyles the 
tumor was seen (Fig. 1). It was liver red in color, solid in consistency, the size and 
shape of an almond, and freely movable on the half-inch pedicle to which it was attached. 
Slight erosion of the patellar and medial condylar cartilages attested to the fact that 
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Fig. 2 


Representative section showing areas of recent hemorrhage, fibroblasts, inflam- 
matory cells, and capillaries of various sizes. Rather than specific tissue, the sec- 
tions reveal a definite, though constantly thwarted, attempt at repair. (Photomicro- 
graph X 60.) Jnset: The gross appearance. 


intermittent impingement of the tumor between these joint surfaces caused the recurrent 
hemorrhage. The tumor was excised, and an area of normal synovia, about the size of 
a half dollar, surrounding the base of the pedicle was included. Microscopically the mass 
was found to be granulomatous in nature. Numerous inflammatory cells, fibroblasts, 
and capillary blood vessels of various sizes were the essential features of the picture 
(Fig. 2). 

Convalescence was uneventful, and, at the end of six weeks, the patient returned to 
his duties as a salesman. He has had no complaints since that time. 
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LOCALIZED VOLKMANN’S CONTRACTURE 


BY JOHN BRUCE, F.R.C.S. (EDIN.), EDINBURGH, SCOTLAND 
Assistant Surgeon, Edinburgh Royal Infirmary 


The typical contracture of the forearm which was first described by 
Richard Volkmann of Halle at the end of the last century is generally a 
sequela of a serious injury in the neighborhood of the elbow. Its exact 
explanation is still, to some extent, a matter for conjecture, but it is now 
generally recognized that direct trauma to the muscle tissues of the fore- 
arm may give rise to a deformity similar to that found in association with 
supracondylar fracture of the forearm. The author has previously ob- 
served a case of extensive contracture, following a crushing injury of the 
forearm, which was not associated with fracture; and during the last few 
months he has been treating a localized contracture of a single finger, 
which has many features in common with the more serious case. The 
report of this latter case follows. 


A typist, aged twenty-five, was struck on the front of the mid-forearm by a tennis 
ball. The blow was rather severe, and the patient suffered considerable pain. Swelling 
followed almost immediately, and, in a day or two, there was a fair amount of bruising 
and of discoloration over the front of the forearm. The flexion movements of the fingers 
were limited and painful. The author did not see the patient at this stage, but, three or 
four weeks after the original injury, she presented herself at the Out-Patient Clinic of 
Edinburgh Royal Infirmary with the complaint that she was unable to straighten the 
middle finger, which had gradually become deformed after the accident. 

The condition on examination is shown in Figure 1. There was a flexion contracture 
of the finger, involving the metacarpophalangeal and the proximal interphalangeal joints. 
The deformity was ob- 
vious with the wrist in the 
neutral position, but was 
greatly accentuated by 
dorsiflexion of the wrist. 
On the other hand, the 
finger became straight 
when the wrist was fully 
palmar flexed. Palpation 
of the forearm, when the 
wrist was extended, re- 
vealed a very tightly con- 
tracted tendon immedi- 
ately above the wrist. 
This could be traced up- 
ward to an indurated area 
about the middle of the 
forearm, and the diag- 
nosis was obviously one of 


we 


contracture of the flexor 
Fig. 1 digitorum sublimis fibers 
Condition before operation. to the middle finger. 
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The deformity was 
seriously interfering with 
the patient’s work as a 
typist, and, since the 
lesion was so localized, an 
operation was advised. 
The affected tendon was 
exposed through a short 
incision immediately 
above the transverse 
carpal ligament, and a 
lengthening operation was 
‘arried out by the sliding 
method. The deformity 
was completely corrected, 
and the tendon fragments 
were then sutured with 
waxed silk. A plaster-of- 
Paris case was applied to 
maintain the wrist and 
the middle finger in an 
extended position. Fic. 2 

The plaster case was Showing restoration of function. 
retained for a period of 
six weeks, and subsequently massage and movements were employed. 
shown in Figure 2. There has been virtually complete restoration, both of appearance 


The result is 


and of function. 

This type of case is possibly not rare. The author personally has 
not encountered a similar one, nor has he come across a report of one in 
the literature. It would appear that the original injury provoked a 
hemorrhage into and among the muscle fibers destined to join the flexor 
digitorum sublimis tendon of the middle finger; and that fibrosis resulted, 
probably in association with destruction of the muscle tissues. 

It seems to indicate that ‘‘ Volkmann’s contracture”’ includes several 
distinct entities, the common features being death of the muscle tissues 
and replacement fibrosis. Obstruction to the venous return from the 
muscle and arterial deprivation (ischaemia) are the most often quoted 
‘causes of the muscle destruction, which is in consequence believed to be 
anoxaemic. In the case reported here, it is possible that the fibers were 
actually disrupted by the original injury; it is, however, also possible that 
the hemorrhage, by increasing the tension within the muscle sheath, 
created vascular obstruction and anoxaemic degeneration of the muscle 
fibers, as in the ordinary case of Volkmann’s contracture. 
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A CASE OF SO-CALLED “OPEN-BEAK” FRACTURE OF 
THE OS CALCIS 


BY JOHN O. DIETERLE, M.D., MILWAUKEE, WISCONSIN 


The patient, a domestic, aged fifty, while kneeling with the foot resting on the ball in 
the vertical position, was struck over the back of the heel by the edge of a falling step- 
ladder. There was immediate disability with considerable eechymosis and swelling and 
later bleb formation about the heel. Immediate reduction could not be done on this 
account (Fig. 1). 


Fia. 1 Fig. 2 


After one week, when the skin had healed, an unsuccessful attempt was made to re- 
duce the fracture by pressure on the fragment with the foot in the position of plantar 
flexion. A mid-line incision, centered over the hiatus in the heel, was made after split- 
ting the Achilles tendon, and the fracture was reduced and the fragment sutured with 
heavy chromic gut (Fig. 2). 

Weight-bearing was allowed after eight weeks’ disability, when the fragment had 
united. 


This fracture is quite rare and, as stated by Bohler, presents no diffi- 
culty in reduction. The tubercle of the os calcis is not pulled upward by 
the Achilles tendon, but is split off and held in the position as shown by 
impingement of the sharp edge of the fragment against the Achilles ten- 
don. With the foot in the plantar-flexed position, reduction by manipu- 
lation should be easy, provided there are no complications such as oc- 
curred in the case reported. 
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ISOLATED TUBERCULOSIS OF THE SPINOUS PROCESS 
OF A VERTEBRA 


Report OF A CASE 


BY RANDOLPH L. ANDERSON, M.D., F.A.C.S., CHARLESTON, WEST VIRGINIA 


As is well known, the anterior portion of the vertebral body is the 
part usually involved, and at times the disease spreads to the pedicles and 
the laminae, but rarely affects the spinous processes. Therefore, it is 
felt that the following case of isolated tuberculosis of the spinous process 
of the fourth lumbar vertebra may be of interest. 


J. B., male, aged twenty-three years, a student; while jumping up as he led the 
cheering at a basketball game on February 13, 1929, felt something give in his back. 
He walked to his room with difficulty. He was seen by the author two days later, and 
was admitted to the Johnston-Willis Hospital in Richmond, Virginia. There was acute 
tenderness over the fifth lumbar vertebra, and intense spasm of the erector spinae muscle. 
Roentgenographic examination of the lumbar spine was essentially negative. A plaster 
jacket was applied under general anaesthesia, and after one week the patient returned 
to school. 

He was readmitted to the Hospital on March 8, 1929, because of pain in the lower 
back. After a stay of three days he went home, where he remained in bed until May 
1929. After getting up, he was comfortable, and, in September 1929, a sacro-iliac belt 
was applied. 

On October 7, 1929, abdominal pain and fever, with a temperature of 103 degrees, 
developed, and the patient remained in another hospital for a week, but no definite 
diagnosis was made. He reported no back symptoms at that time. 

When he was seen during the latter part of October 1929, clinical examination of the 
back was negative, but he had lost several pounds in weight. Roentgenographic 
examination of the chest and sputum analysis showed no evidence of pulmonary tubercu- 
losis. In February 1930, roentgenographic examination of the spine was repeated with 
negative results. 

During the latter part of April 1930, the patient noticed a small lump on the lower 
back, which rapidly grew larger. When seen about ten days later, there was a fluctuant 
mass over the lower lumbar spine, approximately two and one-half inches in diameter, 
which was slightly reddened, but not especially tender. There was no muscle spasm or 
limitation of motion in the lumbar region. The temperature was 99.8 degrees. Ap- 
proximately 100 cubic centimeters of thin, yellowish fluid was aspirated from the mass, 
and again roentgenograms of the lumbar spine were taken. These disclosed osteo- 
myelitis of the spinous process of the fourth lumbar vertebra, probably of tuberculous 
origin. The mass was aspirated a number of times at weekly intervals. The fluid 
showed no growth on culture. The Wassermann reaction was negative. The hemo- 
globin was 85, and the white blood count was 17,000 with 72 per cent. of polymorphonu- 
clear leukocytes. A Mantoux intradermal tuberculin test in the dilution of 1 to 7500 
was positive. Roentgenographic examination of the chest showed no active tuberculosis. 

On June 13, 1930, an operation was performed. A longitudinal incision was made 
over the lower lumbar spine. About one-half of the spinous process of the fourth lumbar 
vertebra was found to be softened and replaced by granulation tissue. A definite walled- 
off area of granulation tissue, at least two inches in diameter, surrounded this diseased 
process. The affected spinous process was removed with rongeurs well back into 
healthy bone tissue, and the wound was sutured loosely. A thin, serosanguineous fluid 
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drained from the wound 
throughout the patient’s 
stay in the Hospital, dur- 
ing which his temperature 
ranged between 99 and 
101.5 degrees. He was 
discharged on July 3, 1930, 
with instructions re- 
main in bed and to take 
daily sun baths. He re- 
mained in bed constantly 
for two months. 

Microscopic exami- 
nation of the tissue re- 
moved at operation showed 
giant-cell formation typi- 
eal of tuberculosis, and 
granulation tissue removed 
from the wound and in- 
jected into a guinea-pig 
caused the development 
of tuberculosis in its liver 
and spleen. 

In September 1930, 
three months after opera- 
tion, the patient was free 
from symptoms, except 
for slight drainage through 
the operative scar, and 
had gained in weight. 
Roentgenographic exam- 

Fig. 1 ination of the spine at this 
J. B. Roentgenogram on February 29, 1932, showing time showed no further 
postoperative defect in the spinous process of the fourth eyidence of tuberculosis. 
lumbar vertebra. Drainage kept up at 
intervals until the latter part of 1932, and then ceased. Repeated roentgenographic 
examinations later failed to show any further extension of the process. The patient 
was last seen in January 1939, and was entirely well. 


A thorough search of the literature has been made, and it has been 
found that twelve cases in which the spinous process of the vertebra alone 
has been involved in tuberculosis of the spine have been reported in the 
foreign literature. Nocases have been recorded in the American literature. 

Lannelongue, in 1878, was the first author to report such a case, and 
later he described two more. Other cases have been reported by the 
following: Polaillon, two cases; Coyola, three cases; Therme, two cases; 
Perrenot, one case; and Boeckel, one case. 

The location of the lesions was as follows: 


Site No. of Cases 
3 
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A single vertebra was involved in seven cases, and two vertebrae 
were involved in five cases. 

Five other cases of involvement of the spinous process, combined 
with lesions of other portions of the posterior parts of the arch of the 
vertebra,—that is, the transverse processes, the laminae, or the articular 
processes—were reported. 

It is interesting to note that only thirty new cases were found in 
which the posterior portion of the vertebra alone was affected with no 
involvement of the body. 

A brief historical summary of tuberculosis of the posterior portion of 
a vertebra may be of interest. 

Plater, in 1614, reported a case in which what he described as a 
spinous process of a vertebra was discharged from an abscess, which 
healed. 

F. Ribes, in 1821, spoke of the localization of the tuberculous involve- 
ment in a spinous process. 

J. Bouillaud, in 1828, gave the first detailed description of tubercu- 
losis of the posterior portion of a vertebra. 

Heine, in 1834, was the first to operate on a tuberculous spinous 
process. 

Lannelongue, in 1888, was the first to write a treatise on tuberculosis 
of the posterior portion of a vertebra. 

The first symptom of tuberculosis of the spinous process of a vertebra 
is pain, and this is followed after a variable period by an abscess. Often 
there is no muscle spasm. The diagnosis is made from the presence of 
pain and an abscess, a positive Mantoux test, and the roentgenographic 
findings. No gibbus or paraplegia is present when this process alone is 
involved. These lesions are less common and less grave than lesions of 
the bodies of the vertebrae. 

This type of tuberculosis is relatively more frequent in adults than 
in children. 
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TuHerMeE, Marcev: Contribution a |’étude du mal vertébrale postérieur; (tuberculose 

des ares postérieurs). Paris, Thése de Paris, 1925. 
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A USEFUL MODIFICATION OF RUSSELL TRACTION 


BY EDWARD T. CROSSAN, M.D., AND LAWRENCE E. GRIFFIN, M.D., 
PHILADELPHIA, PENNSYLVANIA 


From the Episcopal Hospital, Philadelphia 


There can be little dispute about the efficiency of Russell traction in 
the treatment of fractures of the shaft of the femur. Our experience with 
the method has been entirely satisfactory, except in treating fractures of 
the lower fourth of the shaft. In nearly all fractures of this type there is a 
posterior displacement of the lower fragment, due to muscle pull. In 
these injuries we have not had any success with the Russell traction, nor, 
as a matter of fact, have we been able to secure closed reduction by any 
method until one of us (L.E.G.) devised the modification to be described. 

With the Russell traction we have tried the method of sliding the 
canvas sling from the position under the knee to a place beneath the dis- 
placed lowerfragment. Our results with the shift have been entirely fruit- 
less. As a matter of fact, it is doubtful if the shifting would work often, 
because, when an upward pull is made directly on the lower fragment, the 
force is transmitted to the upper fragment ; consequently the relative posi- 
tions of the fragments remain unchanged. It is certainly true that the 
shifting of the sling changes the resultant traction force and, judging from 
results, not for the better. 


1 
Modification of Russell traction. 
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In the modification herein advocated there is no change in the sling. 
In this method the attempt is made to secure the traction in the line of the 
femur, as advocated by Russell, and, in addition, to effect a dorsal tilting 
of the lower fragment by applying to the upper end of the sling under the 
knee a force which pulls upward and slightly cephalad. 

This sling has three equidistant holes on each short side. When the 
sling is passed beneath the knee and the short ends are apposed above | 
the knee, a loop of rope is passed through the middle holes and the holes 
toward the foot, and to this loop is attached the line composing the Russell 
traction. To the upper holes—those toward the head—is fastened a rope 
which passes upward and toward the head of the bed and is attached 
through a pulley to a four-pound weight (Fig. 1). Or, expressed in an- 
other way, a pulley is placed in the overhead frame at a point somewhere 
near the mid-point between the knee and the hip, and through this pulley 
is passed a rope, which is attached at one end to the upper holes of the 
sling and at the other end to a four-pound weight. 

It should be stated that this modification has one disadvantage. 
The extra force to the sling causes the upper end of the sling to cut into 
the posterior aspect of the thigh just above the popliteal space. To pre- 
vent pressure sores we have found it necessary to use sponge rubber 
between the skin and the sling. 


Fic. 2-A Fic. 2-B 
May 25, 1939. Case 1. May 31, 1939. 


Case 1. 
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Fig. 3-A Fic. 3-B 
Case 2. October 7, 1939. Case 2. October 10, 1939. 


We have used this modified Russell traction in the following two 
cases. 

Case 1. G. G., male, twenty-four years old, while running, struck a fireplug, sus- 
taining an injury to the right lower extremity. The previous medical and family his- 
tories were negative. With the exception of the local condition of the right lower 
extremity, the physical examination was negative. 

In the right lower extremity there was marked swelling of the lower part of the thigh. 
Crepitus and shortening were noted in the lower fourth of the thigh. The first roent- 
genographic examination (Fig. 2-A) showed a comminuted fracture, involving the lower 
and middle thirds of the femur with marked posterior and medial displacement of the 
lower fragment. Six days after admission to the Hospital, and after the application of 
the modified Russell traction, the roentgenogram (Fig. 2-B) showed the fragments in 
end-to-end apposition, and indicated that there was a slight amount of overpull. 

The patient made an uninterrupted recovery and was discharged from the Hospital 
nine weeks after admission, without deformity. 
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Case 2. A child, six years old, was admitted to the Hospital on October 6, 1939, 
with a fracture of the right femur after having been struck by an automobile. Although 
the fracture was higher than the lower fourth, the posterior displacement could not be 
corrected. Examination showed a marked degree of swelling and discoloration in the 
lower third of the right thigh, and crepitus and shortening were present. Roentgeno- 
graphic examination (Fig. 3-A) showed a fracture involving the shaft of the femur at the 
junction of its middle and upper thirds with moderate posterior displacement of the 
lower fragment. The roentgenogram (Fig. 3-B) taken three days after admission and 
following the application of the modified Russell traction showed end-to-end apposition. 

In this case, through error, the traction apparatus was removed a few weeks after its 
application, and following this there was a recurrence of the deformity. 


Our purpose in offering this report is to invite other surgeons to give 
the method a trial. Since our experience embraces only two cases, we 
are apologetic about rushing into print. On the other hand, several years 
may pass before we shall have enough cases to prove the point. 
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REPORT OF A CASE IN WHICH A VITALLIUM PLATE 
COULD NOT BE REMOVED 


BY EUGENE W. SECORD, M.D., AND LOUIS W. BRECK, M.D., EL PASO, TEXAS 


We believe that the following experience with a vitallium plate will 
be of interest to all who are using this material. To the best of our 
knowledge it is the first case of its kind to be reported in the literature. 


CASE REPORT 


On December 10, 1938, a white male, twenty-two years old, sustained a fracture of 
both bones of the right forearm near the middle. A closed reduction was attempted, 
but was unsuccessful. Therefore, on December 28, 1938, an open reduction was done. 
The radial fragments were approximated and fixed by means of a vitallium plate and 
screws. The ulnar fragments were fixed together with one piece of stainless-steel wire, 
and a plaster cast was applied. Convalescence was uneventful. 

On March 2, 1939, a roentgenogram showed a large amount of callus at the sites of 
both fractures and no reaction around the plate or screws. The patient was advised to 
have the plate removed in a month. 

On September 22, 1939, this patient returned for reexamination, stating that he 
had been out of town for the previous seven months. He had no complaints, and the 
function of the arm was normal. Roentgenograms showed reestablishment of the 
trabeculae and the medullary canals and no evidence of absorption around the plate or 
screws. 

On September 28, 1939, a second operation was performed with the intention 
of removitig the plate. There was a minimum of scar tissue overlying the plate, and, 
covering its distal end, there was a layer of bone, about one and five-tenths millimeters 
long by three millimeters thick; elsewhere the edges of the plate were overlapped with 
flakes of bone. Several vigorous attempts were made to remove the screws. Finally, 
one of us fitted the end of a screw driver into the slot of a screw while the other grasped 
the shaft of the screw driver with a pair of pliers, and simultaneously we exerted a twist- 
ing motion. Despite our combined efforts, we were able to loosen only one of the four 
screws. The plate and screws were all left in situ. 


CONCLUSIONS 


This experience presents additional evidence of the non-irritating 
nature of vitallium. We believe that until there is evidence to the 
contrary, these plates should be left in indefinitely. 
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KIRSCHNER WIRES COMBINED WITH PLASTER CASTS 
IN FRACTURE TREATMENT 


BY GORDON MONROE MORRISON, M.D., SAN MATEO, CALIFORNIA 


From the Community Hospital,* San Mateo 


The purpose of this paper is to describe a simple and effective tech- 
nique for combining Kirschner wires with plaster casts. An inexpensive 
and efficient wire-tightening tool is made by welding a set-screw clamp to 
one of the jaws of a valve lifter.t Small set-screw-clamp plates complete 
the apparatus (Fig. 1). 

A Kirschner wire is driven through the limb. The area above and 
below the wire for about two inches is encircled with a carefully molded, 
fast-setting plaster collar about three-eighths of an inch thick. The 
plaster is allowed to harden, and a set-screw clamp is fastened against the 
collar on one side. On the other side a clamp is slipped over the wire, 
but is not tightened until the wire is stretched and the loose clamp is 
forced against the plaster with the valve-lifting tool. The clamp thus 
held in position is fastened, and the tool is removed. The plaster collar 


Fig. 1 
Converted valve lifter, section of plaster cast, clamps, and wire, showing 
method of tightening wire. 


* Fracture Service of E. W. Cleary, M.D. 
* Valve-lifting tool available at automobile-parts stores. 
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is thereby used as a stirrup, and the wire is taut with relation to the plaster. 
There is no danger of crushing the plaster, if reasonable care is used. 
Collars and transfixion wires are placed above and below the frac- 
ture. The fracture is_ re- 
duced by traction, and the 
reduction is maintained by 
filling in the space between 
the collars with a _ plaster 
cast. Any desirable change 
in position can be easily 
effected by wedging the cast. 
Traction necessary for 
the reduction of fractures of 
the tibia and the fibula can 
be easily obtained manually 
while an assistant completes 
the cast between the two 
collars. Manual rather than 
mechanical traction in these 
particular fractures is good 
insurance against distraction 
and its attendant hazards. 
Femoral-shaft fractures 
are reduced by mechanical 
traction on the Hawley table 
or similar apparatus, using a 
temporary sling about the 
ankle with perineal-post coun- 
tertraction while the cast 
bet ween the plaster segments 
is being completed. 
Once the cast is applied, 
any indicated adjustment Fie. 2 
such 00 lateral angulation by Composite sketch showing treatment of femoral, 
wedging, or shortening or tibial, and ealeaneal fractures. On the left side, 


distraction by double wedg- collar and clamps are substituted for a tensing bow 
in continuous-traction treatment. 
ing—can be made. 


Although this method was originally intended for fractures of the 
tibia and the fibula, it was found equally adaptable to femoral-shaft frac- 
tures by inserting the upper pin perpendicularly through the greater 
trochanter and the lower above or below the knee. Single-wire trans- 
fixion for traction and suspension treatment is also possible with the ad- 
vantage of eliminating the metal stirrup and providing a rigid dressing 
about the wire, which prevents sliding and rotating of the wire, thus dimin- 
ishing the chance of infection. A loop of rope is incorporated in the plaster 
collar for the attachment of traction. 
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ORTHOPAEDIC RESEARCH IN NORTH AMERICA 


SURVEY OF THE RESEARCH COMMITTEE OF THE AMERICAN 
ORTHOPAEDIC ASSOCIATION * 


The Research Committee of the American Orthopaedic Association herein makes 
its first annual report on the present status of orthopaedic research in North America. 
The results of this survey should be most gratifying to all of us in orthopaedic surgery and 
justly we can take pride in the investigative work of our specialty. No attempt toward 
an exhaustive survey has been made; we have endeavored only to acquire an idea of the 
extent of orthopaedic research and to determine what problems are of the most common 
interest. 

The report form which was sent was planned to be as simple as possible. Only 
seven headings were used; in addition to the subject of investigation, information was 
requested concerning whether the problem was clinical or laboratory, the place where the 
work was being done, the associated departments and workers, if any, and the character 
of the financial help, if any. In all of the replies these questions were clearly answered, 
which has tremendously simplified the analysis of the data. 

Fight hundred and eight letters and report forms were sent out. These went to all 
members of the American Orthopaedic Association, the American Academy of Ortho- 
paedic Surgeons, all diplomates of the American Board of Orthopaedic Surgery, the deans 
of the larger medical schools, the professors of paediatrics in the medical schools in which 
there are large children’s clinics, and a few general surgeons interested in bone and joint 
problems. Replies were received from 261 or 32 per cent. of the total 808, which gives 
ample material for analysis. Of the 261 replies, 190, or 73 per cent., reported research 
problems and 71, or 27 per cent., reported no research problems. Of the 190 affirmative 
replies, there were only eight from other than orthopaedic surgeons. The 182 represent 
approximately 25 per cent. of all the orthopaedic surgeons and show that one in every 
four is actively engaged in research. These 190 have given information on 368 separate 
investigative problems, or an average of 1.94 problems per person. This information 
represents reports from seventy, or 84 per cent., of the eighty-three separate orthopaedic 
services training house officers, fellows, and postgraduate students, as listed in the 1939 
report of the Committee on Graduate Education and Training in Orthopaedic Surgery 
of the American Academy of Orthopaedic Surgeons. It is the Committee’s opinion that 
every major orthopaedic service is represented in this survey and a true picture is pre- 
sented of the orthopaedic research in progress in North America at the present time. 
It cannot be said, of course, that all who did not reply are not carrying on active research. 
However, a great many not replying directly are mentioned as associate workers by 
those sending in the reports. In all, there were 190 names mentioned in the reports as 
associate workers. This number, added to the 190 who replied affirmatively, makes 
a total of 380 actively participating in orthopaedic research at this time. 

An analysis of the location of the clinics where the work is being done is of interest. 
The Mayo Clinic stands at the top in number of problems, with a total of thirty-six. 
This work is being done by four senior staff members and twenty associates. The 
Service of the Boston Children’s Hospital and the Massachusetts General Hospital 
is next with twenty-four problems being investigated by six senior staff members and 
seven associates. The Hospital for Joint Diseases is third with seventeen problems being 
investigated by ten senior staff members and three associates. The number of problems, 
of course, is no indication of the value of the research, but it is an indication of the interest 
and the attempt to stimulate research in these centers. An analysis of the number of 
research problems in some of the cities, not including Rochester, Minnesota, shows the 


* Presented at the Annual Meeting of the American Orthopaedic Association, Kan- 
sas City, Missouri, on May 7, 1940, by A. R. Shands, Jr., M.D., Chairman. 
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following: New York, sixty; Boston, thirty-one; Philadelphia, twenty-three; Chicago, 
twenty; San Francisco, sixteen; Los Angeles, fourteen; Baltimore, fourteen; ete. An 
analysis by the sections of the country, as adopted by the American Academy of Ortho- 
paedic Surgeons for the Regional Committees shows: 


Total No. of Physicians Re- 


Section Total No. of Problems porting Separate Problems 
New England States..................... 89 18 
Central Atlantic States. 100 57 
South Atlantic States................... 33 16 
North Central States.............:...... 119 50 
Sowth Contral States... 34 19 
Northwestern States.................... 6 6 
Southwestern States.................... 30 17 


In an analysis of the data it is important to know whether or not laboratory studies 
are accompanying the investigation. This is true in 200 cases, or 54 per cent. of the total 
368 problems. Of this number, forty-two, or 11 per cent. of the total, are purely labora- 
tory problems unassociated with patients. The remaining 46 per cent. are purely clinical 
investigations. An analysis of the forty-two purely laboratory problems shows their 
character to be as follows: animal experiments, using dogs, monkeys, guinea pigs, mice, 
etc., thirteen; anatomical, ten; pathological, nine; biochemical, seven; anatomical and 
physiological, one; anatomical and pathological, one; and engineering, one. 

There are 166 problems, or 45 per cent. of the total 368, in which fourteen other 
departments are mentioned as being associated in the research as follows: 


Department No. of Problems 
Neuropsychiatry, including Psychology. ........ 7 
Department of Laboratories. 6 


It is very gratifying to know that thirty-eight of the institutions or schools where 
the investigations are being done have research funds which are available to the ortho- 
paedic services. Special grants or gifts have been made to thirty-six of the 190 reporting 
research problems. The National Foundation for Infantile Paralysis is the donor in 
twenty-one instances. In three clinics some of the research is being financed by contribu- 
tions from patients. Thirty-eight reported that all the finances incident to the research 
are being paid by themselves. It is most likely that the expenses incident to the remain- 
ing seventy-five physicians reporting separate problems are being met by the institutions 
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where the work is going on, in their normal budgets. There is no doubt that the specialty 
of orthopaedic surgery owes a great debt of gratitude to the National Foundation and 
it is hoped that the administration of their funds may continue to be such that those 
orthopaedic surgeons who have ideas and are stimulated to investigate problems relative 
to poliomyelitis can secure grants. 

In making an analysis of the subject of investigation as recorded on each report, a 
classification, which is thought to be simple, with seventeen headings is used. (See 
Table I.) Under the first heading, General, are placed those problems relating to: (1) 
bone and bone formation, including all calcitum-phosphorus studies; (2) special tissues, 
such as cartilage, ligaments, synovial membrane, etc.; (3) body systems, such as circula- 
tory, urological, glandular, etc.; and (4) diet and vitamins. The second heading is 
Congenital Deformities; the third, Affections of Growing and Adult Bone, including 
epiphyses, and skeletal growth and development. In view of the fact that most of the 
leg-equalization work is in the young, this has been placed in this third group. The 
fourth heading, Infections of Bones and Joints, includes general, pyogenic, tuberculous, 
and syphilitic infections. The fifth is Chronic Arthritis. Affections of the Neuromuscu- 
lar System is the sixth heading; this is divided into four groups with infantile paralysis 
first and cerebral palsy next. Tumors is the seventh heading; Fractures, the eighth; 
and Body Mechanics and Physical Therapy, the ninth. The next six are grouped 
according to body locations,—Spine, Hip, Knee, etc. The sixteenth heading is Tech- 
nique, and is concerned mostly with operative procedures. The seventeenth and last 
heading is Miscellaneous. 

The most popular group is Fractures, presenting forty-six problems, 26 per cent. of 
which are related to general subjects. It is interesting to note that there are studies on 
the effect of estrone and embryonic extract on the healing of fractures and a study of 
the comparison of fractures in blondes and brunettes. Eight studies are being carried 
on relative to compound fractures, with five of these relating to sulfanilamide therapy 
and two to x-ray therapy. Three-fifths of the fracture studies apply to special locations, 
with twelve problems on the hip — six of which relate to the use of Smith-Petersen nails 
or pins—four on the spine, and the other ten on ten different locations. Seventeen of the 
twenty projects listed under bone, bone formation, calcification, and calcium-phos- 
phorus studies directly or indirectly relate to the repair of fractures and could be dis- 
cussed with and included in this group. Considering this number, with the forty-six 
problems included under Fractures, this is easily seen to be the most popular subject of 
investigation, with a grand total of sixty-three problems. 

The second most popular subject for investigation is Affections of the Neuro- 
muscular System, with forty-four problems, seventeen of which relate to infantile paraly- 
sis. Sixteen of these seventeen are being wholly or partly financed by the National 
Foundation. The Committee is particularly delighted to see in this group that studies 
are being carried out on the pathology and biochemistry of paralytic muscle. There are 
seven studies on the after-care and evaluation of treatment in large groups of poliomyelitis 
cases which is certainly most important. Cerebral palsy is the subject of eleven projects, 
five of these being clinical studies, mostly with conservative treatment. The evaluation 
of curare in treatment of cerebral palsy, with a study of its biochemical and biological 
nature, may prove to be of distinct value in treating this discouraging affection. Six 
of the ten problems involving muscles, exclusive of infantile paralysis, are on progressive 
muscular dystrophy. Continued interest in this problem is important and it is gratifying 
to know of these experimental studies. 

The third most popular group is Affections of the Spine, with thirty-four problems, 
seventeen being on the low back and fourteen on scoliosis. It is surprising to find, in 
spite of all the discussions concerning the intervertebral disc, only two investigations on 
this subject, with an equal number on the ligamentum flavum. There are seven, how- 
ever, relating to some form of operation on the low back. One of the newer ideas is 
metallic osteosynthesis for low-back pain, which undoubtedly is the outcome of the work 
on vitallium and other metals. A piece of research, the results of which should be most 
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interesting, is an experimental study on monkeys, demonstrating the relationship of 
paralysis of the abdominal muscles to the development of scoliosis. Four of the fourteen 
scoliosis projects are on the idiopathic type, which is the subject for study by the Research 
Committee for next year. It is hoped that at the next Meeting of the American Ortho- 
paedic Association we may have some very pertinent information to report on this 
subject. 

Infections of Bones and Joints is fourth in order of popularity, with thirty-three 
problems, eighteen of which are pyogenic in character. Of considerable interest should 
be the studies on the blastomycosis and related affections of the skeletal system and 
granulomatous infections of bone. These subjects have been infrequent in the past, but 
more and more cases are now being diagnosed. One of the studies which bids fair to 
improve our therapy of pyogenic arthritis is that of the use of heparin in preventing the 
formation of fibrin in joints. It may be that, with the proper instillations or injections 
of heparin, joint adhesions can be completely eliminated and the incidence of ankylosis 
lessened. However, even more important than the heparin studies are the chemothera- 
peutic studies on infections. There are five studies on the use of sulfanilamide, or one 
of its derivatives, in the treatment of infections, making a total of ten sulfanilamide 
studies in all, when added to those classified under compound fractures. 

Tuberculosis of bones and joints, with its varying problems, is the subject of nine 
investigations. Three of the studies are on spinal tuberculosis. The recent survey of 
this subject made by the Eastern States Orthopaedic Club, as reported at the Boston 
Meeting of the American Academy of Orthopaedic Surgeons, is probably the most com- 
plete and comprehensive end-result study of this type that has ever been made in the 
United States. It is certainly hoped that more of these types of study on our unsolved 
problems can be made in the future. 

It is rather surprising that there are not more than three problems on syphilis of 
bones and joints, in view of the antisyphilitic campaigns which have been stimulated by 
the Public Health Service in the last few years. The answer may be that, due to the 
continued and effective antisyphilitic therapy, the orthopaedic clinics are now not seeing 
a large number of syphilitic infections of bones and joints. 

Affections of Bone, with thirty-two problems, is the next most popular group. 
Thirty-one of these, however, relate to growing bone. Five problems deal specifically 
with the epiphyses and two with all the osteochondritides. Twenty-five of the thirty- 
one are concerned with skeletal growth and development, with eleven of these relating 
specifically to the lower extremity. Three very interesting x-ray and posture studies are 
being carried on in connection with the growth and development of the normal child, 
as parts of the study of the whole child from birth to puberty. These should be produc- 
tive of most valuable data and are in a sufficiently large series to make the evidence worth 
while. Seven of the eleven problems in the lower extremity deal with the equalization 
of leg length. Certainly this has been a popular experimental study in the past and 
apparently still is. 

Affections of the Knee Joint is the subject of twenty investigations. Four of these 
are anatomical in character; five relate directly or indirectly to internal derangements of 
the joint; three deal with cysts of the meniscus; one, with rupture of the quadriceps 
tendon; one, with Osgood-Schlatter disease; and two, with operative procedures on the 
removal, complete or partial, of the patella. This latter subject is worthy of careful 
study and may prove to be a very valuable adjunct to our present surgical knowledge of 
the knee joint. 

Among the nineteen problems classified under Technique, there are two studies in 
which there is a search for a substitute for lipiodol in spinal myelography. Under opera- 
tive procedures there are two studies on tendon transplantation,—one about the wrist 
and the other about the foot. There is one on the use of celloidin in arthroplasties. 
There are ten studies being conducted on the use of metal in the treatment of bone and 
joint conditions, five relating in some way to the use of vitallium. 

In the group of studies on Chronic Arthritis, there are seventeen problems. Two 
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of these are pathological in character; two are studies on the liver function in arthritis; 
two are on arthritis of the spine; and one is on the surgery of degenerative arthritis of 
the knee. There is a very interesting study on the physiological response to the correc- 
tion of the adduction deformity in chronic osteo-arthritis of the hip. This might prove 
to be a tremendously helpful operative procedure in these old cases of painful hip. The 
use of snake venoms is being studied in one instance. There are two studies on chemo- 
therapy in arthritis; one, on fever therapy; one, on x-ray therapy; and two are general 
clinical laboratory studies of arthritis. There is undoubtedly more interest being mani- 
fested by the orthopaedic surgeon in the investigative side of arthritis than ever before. 

Tumors of Bone and the related structures have always been of interest to ortho- 
paedic surgeons. There are fifteen problems in this field of research. Cysts and cystic 
degeneration of bone is the subject of two investigations. There are five studies on 
malignant bone tumors and their diagnostic features. Neurofibromatosis and its rela- 
tionship to bone growth and deformities is a valuable contribution in this group. There 
are two investigations on new types of bone tumors,—namely, osteoid-osteoma and 
eosinophilic granuloma. 

There are fifteen studies on Affections of the Leg and Foot. Seven of these are 
anatomical in character, relating to bones and muscles of the foot. Four deal with 
pronation and depression of the longitudinal arch; one, with an increase of the longitudinal 
arch or cavus foot; one, with the end results of stabilization; one, with the heel; and 
one, with the making of special shoes for unusually shaped feet. 

Affections of the Hip is the topic of thirteen investigations. Three are anatomical 
in character; five deal with coxa plana; and three are concerned with slipping of the capital 
epiphysis. 

Congenital Deformities is the subject of eleven studies. Six of these relate to 
congenital dislocation of the hip and two to club-foot. 

There are eight problems on Affections of the Neck and Shoulder. Four of these 
are concerned with the stiff and painful shoulder; one, with acromio-clavicular separation ; 
one, with torticollis; and two, with affections of the cervical vertebrae. 

There are only six problems on Body Mechanics and Physical Therapy. Two of 
these are very excellent studies on the biomechanics of gait. 

Affections of the Elbow, Forearm, Wrist, and Hand are subjects of study in five 
instances. One of these is a very interesting study on the kinesiology of the hand and 
was recently presented at the Academy Meeting in Boston. There are two studies on 
Dupuytren’s contracture. 

Under the first heading, General, there are forty-two problems. Studies relating 
to bone, bone formation, calcification, and calcium phosphorus are the most numerous, 
there being twenty. There are five problems in this group on calcium-phosphorus 
metabolism. The other problems relate to bone-grafting, bone formation, and calcifica- 
tion in general. There is one very interesting laboratory study on the relation of the 
available protein in the organism to the regeneration of bone. A study which bids fair 
to throw light on the basic knowledge of cartilage is being conducted on the chemistry of 
normal and arthritic articular cartilage. There are six studies with reference to the blood 
and circulatory system. One investigation which should be productive of valuable in- 
formation is entitled: “‘A Blood-Flow Study in Muscle Diseases, Primarily Poliomyelitis 
and Secondarily Dystrophies”’. 

A great deal has been written recently on the subject of the glandular system and 
joint changes. However, there are only four problems in any way connected with this 
subject, one of these being the effect of estrone on the healing of fractures, as mentioned 
previously. It is certainly to be hoped that from such studies as ‘‘A Search for the 
Hormones of Skeletal Maturity” and ‘‘The Effects of Various Hormones on the Skeletal 
System” real contributions to orthopaedic surgery may result. 

Vitamins and diet have occupied a very important place in our medical literature. 
However, there are only two studies in connection with vitamin therapy and diet, one 
being a study in animals of the effect of acute and chronic vitamin-C deficiency on joints, 
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and the other an investigation of the effect of diet and vitamin therapy on skeletal 
development and maintenance and on the healing of fractures and various pathological 
lesions. 

Under Miscellaneous there are three anatomical subjects,—namely, comparative 
anatomy; dynamics of histogenesis of nerve, muscle, tendon, bone, and joint; and the 
angle of tilt of the male pelvis. Two studies deal with pectin and the healing of wounds; 
one, with the split skin grafts; one, with braces; and one with the development of an 
orthopaedic fracture table. None of this group could well be classified with those 


previously mentioned. 
CONCLUSIONS 

1. This survey is based on 368 reports of research problems from 190 physicians. 

2. One in four orthopaedic surgeons is engaged in investigative work. 

3. The greatest number of investigators live in the Central Atlantic States, but the 
greatest number of problems are being investigated in the North Central States. 

4. Eleven per cent. of the problems are wholly laboratory studies; 43 per cent. are 
laboratory and clinical; and 46 per cent. are clinical. 

5. There are thirty-eight institutions or schools with research funds available to the 
orthopaedic department, and there are thirty-six grants or gifts for orthopaedic research 
now being made by foundations, ete. 

6. The following departments of medicine, in this order, are most frequently asso- 
ciated in orthopaedic research: pathology, roentgenology, anatomy, and medicine, includ- 
ing paediatrics. 

7. The following five subjects of investigation are the most popular, in this order: 
fractures, neuromuscular disorders, affections of the spine, infections of bones and joints, 
and affections of growing and adult bone. 

Submitted by 
The Research Committee 
JosepH S. Barr, M.pD., Boston, Massachusetts 
C. CoLonna, m.p., Oklahoma City, Oklahoma 
A. R. SHANDs, JR., M.p., Wilmington, Delaware, Chairman 
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SYDNEY M. CONE 
1869-1939 


Dr. Sydney M. Cone, for many years a member of the American Orthopaedic 
Association, died on December 19, 1939. 

Born in Jonesboro, Tennessee, on November 16, 1869, Dr. Cone early in his life 
made his home in Baltimore, Maryland. There he was educated in various public 
and private schools, receiving his bachelor’s degree at the Johns Hopkins University in 
1890. He then went to the University of Pennsylvania, where he received his degree 
of Doctor of Medicine in 1893. During the years 1895 and 1896 he attended post- 
graduate medical clinics in Heidelberg and Strasbourg. He was an Associate in Surgical 
Pathology at the Johns Hopkins University from 1896 to 1899, and during this period 
“ame under the influence of Welch and Halsted,—an influence which manifested itself 
throughout his professional career. In 1900 he studied with Lorenz in Vienna and 
returned to Baltimore to begin the practice of orthopaedic surgery. 

Recognizing his ability, the Baltimore Medical College made him Professor of Or- 
thopaedic Surgery in 1902. A few years later he was appointed Professor of Pathology 
in that institution and remained there until 1916, when he became Associate Professor of 
Pathology at the University of Maryland. He retained this position until 1938. 

It was through Dr. Cone’s efforts and under his direction that there was founded 
in Baltimore in 1895 the Guild for Crippled Children, a group which began as a volun- 
teer social-service supervisor of orthopaedic cases, offering transportation, supplying 
braces, and helping the medical workers in many ways now taken for granted. This 
Guild did much to stimulate the interest of the lay community in the crippled child, 
and the organization enlarged the scope of its work until it became the Maryland 
League for Crippled Children, the organization which now has a dominant position in 
the control of the crippled children in Maryland. 

Dr. Cone’s greatest contribution to orthopaedic surgery, however, was in the 
field of research. A survey of the numerous articles published by him shows his tre- 
mendous interest in the microscopic pathology of orthopaedic ailments, beginning with 
the study of tumors in bone and finally developing into investigations into the funda- 
mental behavior of bone cells in varying conditions. He deviated from his osteological 
studies in June 1917, when, first as Captain and later as Major in the United States 
Medical Corps, he was assigned to the Alder Hey Military Hospital in Liverpool, Eng- 
land. Here he devoted his attention to surgical pathology of the peripheral nerves. 
While at this post, he did considerable research on staining methods and morphological 
aspects of injured and regenerating nerves. After his return to the University of 
Maryland he undertook the laborious task of studying sections of ribs from routine 
autopsies, and at the time of his retirement he had accumulated many such specimens. 
It is unfortunate that he was not permitted to complete the studies on which he had 
spent so much time and effort. He helped the cause of orthopaedic surgery by the 
route of the laboratory, using the microscope as his instrument, at a time when throughout 
the world orthopaedic surgeons were busy devising new apparatus and new operations. 

Dr. Cone was a modest man, dominated by true interest in and kindness for his 
fellow man. Always retiring, almost shy, he nevertheless had many friends. Those 
who were privileged to know him will always remember him for his sincere and warm 
friendship and, above all, as one who glorified the name ‘“gentleman”’. 
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News Notes 


The Sixty-Ninth Annual Meeting of the American Public Health Association 
will be held in Detroit, Michigan, October 8 to 11, with the Book-Cadillac Hotel as head- 
quarters. Information may be obtained from the Executive Secretary, Dr. Reginald 
M. Atwater, 50 West 50th Street, New York, N. Y. 


Dr. Edward L. Compere has moved his offices to Suite 1000—1—2, 116 South Michi- 
gan Boulevard, Chicago, Illinois. 


The Walter M. Brickner Lecture was delivered at the Hospital for Joint Dis- 
eases, New York City, on April 26, by Dr. Eben J. Carey, Dean of Marquette University 
School of Medicine. Hissubject was ‘The Dynamics of Skeletomuscular Deformities’’. 


Dr. Fred H. Albee of New York City and Venice, Florida, received the Honorary 
Degree of Doctor of Science at the annual commencement exercises of Rutgers Univer- 
sity on June 9. This degree was granted in recognition of Dr. Albee’s work in surgery 
and rehabilitation, and is a tribute to his service in the field of rehabilitation in the State 
of New Jersey. 

The Eighteenth Annual Meeting of the Academy of Physical Medicine was held 
in Richmond, Virginia, April 24, 25, and 26 when a varied and interesting program was 
presented. The following officers for the new year were elected: President, Dr. Harold 
D. Corbusier, Plainfield, New Jersey; Vice-Presidents, Dr. G. J. P. Barger, Washington, 
D. C.,and Dr. Thomas Wheeldon, Richmond, Virginia; Secretary-Treasurer, Dr. Herman 
Osgood, Boston, Massachusetts. The next meeting will be held in New York City. 


The Tenth Annual Convention of the Biological Photographic Association will 
be held at the Hotel Schroeder, Milwaukee, Wisconsin, September 12, 13, and 14. This 
society is interested in the further study of photography as applied tothe biological sciences, 
and the improvement of its technique. Further information may be had from the Sec- 
retary, University Office, Magee Hospital, Pittsburgh, Pennsylvania. 


At a recent meeting of the Executive Committee of the British Orthopaedic Asso- 
ciation, the following orthopaedic surgeons were elected to Associate Membership: 
Mr. D. Barton, Walsall General Hospital, Walsall, Staffordshire. 
Mr. R. 8S. P. Hawkins, 28 Victoria Mansions, Levenshulme, Manchester. 
Mr. G. Platt, The Woodlands Hospital, Northfield, Birmingham. 
The following Associate Members were elected to Full Membership: 
Mr. J. A. Cholmeley, Royal National Orthopaedic Hospital, Stanmore, Middlesex- 
Mr. W. Gissane, 5 Buckingham House, Courtlands, Sheen Road, Richmond, Surrey: 
Mr. F. W. Holdsworth, 10 Southbourne Road, Sheffield, 10. 
Mr. K. Hampden Pridie, 40 Apsley Road, Clifton, Bristol. 
Mr. N. W. Roberts, 88 Rodney Street, Liverpool. 
Mr. T. T. Stamm, 4 Harley Street, London, W. 1. 
Mr. R. I. Stirling, 19 Cluny Drive, Edinburgh, Scotland. 
Mr. E. N. Wardle, 45 Rodney Street, Liverpool. 
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BRITISH ORTHOPAEDIC ASSOCIATION 


The British Orthopaedic Association held its Spring Meeting in London on May 
3, 1940, under the Presidency of Prof. T. P. McMurray. The meeting took place at 
Manson House and was attended by a large number of members. At the Association 
dinner at the Langham Hotel on the same evening, the guests included Lieut.-General 
Sir William MeArthur, the Director General of the Army Medical Service, and Col. 
J. A. MacFarlane of the Canadian Army Medical Service. 

In the morning a series of short papers were presented, and in the afternoon the 
Association attended the Royal National Orthopaedic Hospital, the staff of which 
presented a varied and instructive clinical demonstration. 

A résumé of the short papers follows: 


Tuberculous Arthritis of the Ankle and Tarsus by Mr. W. R. J. Mitchell, Liverpool. 

A series of 169 patients were reviewed; of these it had been possible to follow up in 
detail seventy-seven children and forty-five adults. The conclusions drawn were that 
an excellent result follows prolonged and efficient conservative treatment in children, 
while in adults, especially over the age of forty-five, amputation without delay is probably 
the best treatment rather than conservative therapy or the less radical operative measures 
such as attempted excision of foci or arthrodesis. An important observation was that 
the poor results, including death, in adults were due to tuberculous lesions in other parts 
of the body, which appeared subsequent to the conservative treatment of the original 
focus; whereas of fourteen patients in whom amputation was performed early, thirteen 
appeared completely cured. 


Extirpation of the Pronator Quadratus Muscle for Spastic Paralysis by Mr. Robert I. 

Stirling, Edinburgh. 

Mr. Stirling expressed the view that many pronation contractures are due to a con- 
tracted pronator quadratus. Extirpation of the latter muscle, followed by intensive 
reeducation of the biceps and supinator muscles, had achieved good results in sixteen 
patients. A well-illustrated survey of the anatomy of the pronator quadratus was given. 


I schiofemoral Arthrodesis by Mr. H. A. Brittain, Norwich. 

Mr. Brittain, in an elaboration of a previous communication, outlined the advan- 
tages of ischiofemoral extra-articular arthrodesis of the hip as opposed to iliofemoral 
arthrodesis, especially in the late treatment of tuberculous disease. The operation con- 
sisted of a subtrochanteric osteotomy, through which the ischium immediately below 
the acetabulum was “rawed”, A large autogenous bone graft was inserted between 
the femoral fragments and embedded deeply in the ischium. The procedure had proved 
successful in achieving bony ankylosis in twenty of the twenty-eight patients in Mr. 
Brittain’s series. 


Stresses, Strains, and Spondylolisthesis by Mr. Norman Capener, Exeter. 

In this review of spondylolisthesis Mr. Capener discussed the importance in general 
of a proper appreciation of stresses and strains in orthopaedic conditions as understood 
in dynamics and statics. The cause of the underlying defect in the interarticular por- 
tion of the neural arch (spondylolysis) is still sub judice, but the possibility of chondro- 
vascular defects in the neural arch is considered important. Of the anatomical and me- 
chanical conditions limiting displacement of the vertebral body, the iliolumbar ligaments 
and an intact nucleus pulposus appear of particular importance. At all ages treatment 
should be conservative with two exceptions: (1) when evidence of increasing displace- 
ment is present in adolescence, and (2) when pain persists in spite of conservative meas- 
ures. In both exceptions a posterior spine fusion should be performed. The anterior 
transperitoneal fusion is condemned as unnecessary and unjustifiably dangerous. 


Dislocation of the Carpal Semilunar by Mr. F. W. Holdsworth, Sheffield. 
A series of eighteen cases was reviewed. Following a study of the anatomy and 
mechanism of the wrist, Mr. Holdsworth concluded that normal dorsiflexion entails a 
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screw movement, finally locked by impaction of the os magnum on the scaphoid and the 
scaphoid on the radial styloid process. Violent dorsiflexion tends to ‘‘strip the thread”’, 
and the main strain falls in the region of the apex of the screw—that is, the head of the 
os magnum—producing one of the several forms of so-called dislocation of the semilunar 
bone. It was emphasized that manipulative reduction of a recent dislocation can most 
easily be achieved by traction in palmar flexion, since this position opens up most widely 
the space between the os magnum and the radius. In injuries neglected for longer than 
fourteen days, excision of the semilunar provides better results than operative replace- 
ment, for the latter procedure is often followed by sclerosis of the bone and osteo- 
arthritis of the wrist. Results are not so satisfactory if it is necessary to remove more 


than the semilunar. 


The Reaction of Bone to the Pressure of Fluctuant Tumors by Mr. V. H. Ellis, London. 

Mr. Ellis commented on the lack of knowledge about the factors which stimulate 
osteoblastic or osteoclastic activity, but stated that it is generally agreed that osteo- 
clasts are the only cause of bone absorption. The latter is the normal response of bone 
to continuous pressure, but there are differences between the results of pressure by hard 
and by fluctuant tumors,—for example, aneurysms, abscesses, and bursae. In these, 
although absorption takes place, there is always a line of resistance formed by osteo- 
blastic activity. 

The Annual Meeting of the Association will be held in Liverpool on October 25 and 
26, 1940. 


AMERICAN ORTHOPAEDIC ASSOCIATION 


The Fifty-Fourth Annual Meeting of the American Orthopaedic Association was 
held at the Hotel President, Kansas City, Missouri, on May 6, 7, 8, and 9, 1940, under 
the Presidency of Dr. Frank D. Dickson. The morning of the first day was devoted to a 
clinical meeting with reports and demonstrations of cases by the following: Dr. C. B. 
Francisco, Dr. Earl C. Padgett, Dr. Frank R. Teachenor, Dr. Robert McE. Schauffler, 
Dr. Ferdinand C. Helwig, Dr. Rex L. Diveley, and Dr. Frank D. Dickson. 

At the scientific sessions held on the other three days, the following papers * were 


presented : 


The Obstetrical Experiences of Women Paralyzed by Acute Anterior Poliomyelitis—Dr. 8. 

Kleinberg, New York, N. Y., and Dr. Thomas Horwitz, Philadelphia, Pennsylvania 

(by invitation). 

These authors described distortion of the pelvis in sacrolumbar scoliosis and stated 
that they had found this deformity in 80 per cent. of the cases. Their studies show that 
it has practically no effect upon delivery, and no therapeutic abortion is recommended. 
Spine fusion does not seem to have any effect on childbirth. 


Studies of the Cell in Normal and Arthritic Bovine Cartilage—Dr. George Wagoner 

Philadelphia, Pennsylvania. 

In this paper, dealing with the histology and biochemistry of the cartilage, young 
adult and old cartilage were compared. Bovine cartilage was used for the experiments. 
Of interest are the cartilage cell count and the correlation between cell count and age. 
The nuclear measurements vary greatly; their average is ninety cubic micromillimeters, 
but this changes with age. Of particular interest are the metabolic changes: the oxygen 
consumption decreases rapidly with age, much more rapidly than does the cellular 
density. Dehydrogenation was also studied, and it was found that old cartilage loses 
but little in hydrogen mobilization. 


* Summaries of papers taken from a report prepared by Dr. Arthur Steindler. 
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The Surgical Treatment of Degenerative Arthritis of the Knee Joint.—Dr. G. FE. Haggart, 

Boston, Massachusetts. 

This paper deals with synovectomy for degenerative arthritis of the knee. Exci- 
sion of the patella is advised. It is pointed out that the patella is behind the tendon and 
can be shelled out without injury to the extensor apparatus. Following synovectomy, 
manipulation is favored. The author feels that in selecting the cases for this operation 
one should bear in mind the following important factors: willingness of the patient to 
cooperate fully in the postoperative regimen; quiesence of the disease; and use of this 
procedure only for cases of the degenerative type of arthritis. 


On the Conservative Compensation-Derotation Treatment of Scoliosis—Dr. A. Steindler, 

Iowa City, Iowa, and Dr. C. W. Ruhlin, Iowa City, Iowa (by invitation). 

The authors discussed the treatment of scoliosis by compensation and derotation, 
explaining the rationale of this method and classifying the cases in which it is indicated 
in five groups, as follows: (1) spontaneous compensation, (2) compensation accomplished 
by conservative treatment, (3) compensation effected by conservative treatment but 
prone to secondary decompensation, (4) compensation accomplished but unstable, and 
(5) uncompensable cases. Cases of permanent correction were demonstrated. 


A Study of Paralytic Scoliosis Based on 500 Cases of Poliomyelitis—Dr. Paul C. Colonna, 
Oklahoma City, Oklahoma, and Dr. Frederick vom Saal, Oklahoma City, Okla- 
homa (by invitation). 

From their study the authors found that 30 per cent. of all cases of poliomyelitis 
show paralytic scoliosis. Of their series of 150 cases of paralytic scoliosis a diminished 
vital capacity was noted in all. The treatment which they advocate consists in the 
application of a Risser cast, derotation, and operation. 


Acetabuloplasty: An Analysis of Results—Dr. M. N. Smith-Petersen, Boston, Massa- 
chusetts. 

Dr. Smith-Petersen feels that the advantage of acetabuloplasty is that it affords a 
good approach to and complete exposure of the joint. In the cases in which he had per- 
formed this operation prior to 1938 he was able to show good results—that is, lessening of 
pain and fair motion—in about 50 per cent. Since 1938 he has substituted cup-plasty 
for acetabuloplasty in most instances. 


Osteoid-Osteoma: Further Experience with This Benign Tumor of Bone. With Special 
Reference to Cases Showing the Lesion in Relation to Shaft Cortices and Commonly 
Misclassified as Instances of Sclerosing Non-Suppurative Osteomyelitis or Cortical- 
Bone Abscess—Dr. Henry L. Jaffe and Dr. Louis Lichtenstein, New York, N. Y. 
(by invitation.) 

The condition described by these authors appears to be an entirely new pathological 
entity,—namely, the formation of a bony nidus or nucleus in the spongiosa or cortex of 
the bone, surrounded by an osteosclerotic zone. According to the pathological findings, 
this is not an inflammation but a neoplasm. 


Subtrochanteric Osteotomies: Indications for Special Types—Dr. Frederick C. Kidner, 

Detroit, Michigan. 

The author described cases in which subtrochanteric osteotomies of the Lorenz- 
McMurray type had been performed in cases of ununited fracture. He showed a number 
of interesting slides in which the subtrochanteric osteotomy was employed in tuberculosis 
of the hip joint, according to the method of Farkas. 


Ununited Fracture of the Femur Treated by High Oblique Osteotomy—Dr. Rudolph 8. 
Reich, Cleveland, Ohio. 
Dr. Reich finds that nailing in cases of ununited fracture produces union in about 64 
per cent., but arthritis develops in almost 50 per cent. Therefore, he believes the bifurca- 
tion operation to be more widely indicated. He defines old fractures as those which are 
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of three weeks’ or more duration. Although not necessary for a good end result, union of 
the original fracture often occurs spontaneously. Of the twenty-six cases in his series, 
the author was able to report the end results in twenty-five: there were good results in 
twenty-two, and failures in three. 


Orthopaedic Research in North America. Survey of the Research Committee of the American 
Orthopaedic Association—Dr. Joseph 8S. Barr, Boston, Massachusetts, Dr. Paul C. 
Colonna, Oklahoma City, Oklahoma, and Dr. A. R. Shands, Jr., Wilmington, Dela- 
ware, Chairman. 

Dr. Shands, as Chairman of the Research Committee appointed by the American 

Orthopaedic Association, gave a detailed report of the orthopaedic research problems 

now being investigated in North America. (See page 752.) 


Some Orthopaedic Relationships of Neurofibromatosis |Candidate’s Thesis]|—Dr. Beveridge 

H. Moore, Chicago, Illinois. 

The author reported four cases showing deformities, hypertrophy of bone, and 
tumor masses in the soft tissues between the skeleton and dorsum of the foot. Biopsy 
revealed neurofibromata, and the clinical study showed a definite relationship between 
the hypertrophy, the deformities, and the tumors. Dr. Moore also reported three cases 
of pseudarthrosis following osteotomy, in which signs of Recklinghausen’s disease were 
found in the skin, naevi, etc. The roentgenogram shows cessation of bone growth and a 
cystic type of trabeculation with definite signs of deficient osteogenesis. 


The President’s Address—Dr, Frank D. Dickson, Kansas City, Missouri. 

This address dealt with the scope and development of the American Orthopaedic 
Association and contained some very sound suggestions and proposals in regard to the 
contribution which the Association can make in the future. (See page 525.) 


Symposium on the Incidence, Significance, and Treatment of Sciatic Pain in Low-Back 

Cases—Dr. Fremont A. Chandler, Chicago, Illinois, Chairman. 

Dr. Theodore A. Willis, Cleveland, Ohio, considered the ‘‘ Anatomical Variations as 
Well as the Roentgenographic Appearance of the Low Back”, and Dr. W. McK. Craig 
and Dr. Maurice N. Walsh, Rochester, Minnesota, were invited to discuss ‘ Neuro- 
Anatomy and Physiology”. Dr. John G. Kuhns, Boston, Massachusetts, dealt with the 
““Conservative Treatment”. The subject of the “Intervertebral Disc”? was handled by 
Dr. Joseph S. Barr, Boston, Massachusetts, and Dr. William Jason Mixter, Boston, 
Massachusetts (by invitation). Dr. Benjamin P. Farrell, New York City,and Dr. W. B. 
MacCracken, New York City (by invitation), discussed ‘‘ Lumbosacral Lesions with the 
Exception of Spondylolisthesis”. Dr. M. N. Smith-Petersen, Boston, Massachusetts, 
dealt with ‘Sacro-Iliac Conditions”, and Dr. Henry W. Meyerding, Rochester, Minne- 
sota, considered the “Incidence, Significance, and Treatment of Low Backache and 
Sciatic Pain Associated with Spondylolisthesis’”. The rédle of the ‘‘Fascia” in this 
affection was discussed by Dr. Frank R. Ober, Boston, Massachusetts, Dr. Clarence H. 
Heyman, Cleveland, Ohio, and Dr. Albert H. Freiberg, Cincinnati, Ohio. 

The discussion of the various phases of the subject which were presented in the 
Symposium was participated in by Dr. George E. Bennett, Baltimore, Maryland; Dr. 
Lawson Thornton, Atlanta, Georgia; Dr. W. McK. Craig, Rochester, Minnesota; Dr. 
James A. Dickson, Cleveland, Ohio; Dr. Rex L. Diveley, Kansas City, Missouri; Dr. 
James 8. Speed, Memphis, Tennessee; Dr. Harold H. Hitchcock, Oakland, California; 
and Dr. Halford Hallock, New York City. 


A Simple Method of Two-Stage Transplantation of the Fibula for Use in Cases of Compli- 
cated and Congenital Pseudarthrosis of the Tibia—Dr. Philip D. Wilson, New York, 
The two-stage operation described by Dr. Wilson—fusion of the fibula into the tibia— 
is done even in the presence of some infection. Six cases of pseudarthrosis were treated 
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in this manner, and spontaneous union occurred. In cases of non-union, the implanta- 
tion of the fibular graft into the tibia is supported by additional sliver grafts. 


Legg-Perthes Disease of the Hip, Its Early X-Ray Manifestations, and Its Cyclical Course 

Dr. A. Bruce Gill, Philadelphia, Pennsylvania. 

Dr. Gill stated that the degenerative phase of Legg-Perthes disease lasts from one 
to one and one-half years, that the regenerative phase is from two to three years, and 
that elimination of weight-bearing shortens the cycle. He pointed out that roentgeno- 
graphically the primary changes are in the metaphyses; these show bone degeneration of 
the head and massive necrosis follows later, but the aseptic necrosis involves the neck as 
well as the head. The etiology of the deformities is purely mechanical,—weight-bearing 
upon the softened head. The treatment consists of bed rest, extension, and prolonged 
immobilization. 

The Treatment of Claw-Foot—Dr. Wallace H. Cole, St. Paul, Minnesota. 

In this paper the idiopathic as well as the acquired type of claw-foot was discussed. 
Dr. Cole described the general treatment and the technique of the operations which are 
used. He believes that in the more advanced cases the tarsal-wedge osteotomy should 
be performed in front of the mid-tarsal joint. 


The Local Use of Sulfanilamide in Various Tissues—Dr. J. Albert Key, St. Louis, Mis- 
souri, Dr. Charles J. Frankel, St. Louis, Missouri (by invitation), and Dr. Thomas H. 
Burford, St. Louis, Missouri (by invitation). 

The bacteriostatic effect of sulfanilamide was discussed, and it was stated that the 
treatment should be supported by the use of immune serum. The incubation period is 
from six to eight hours, and the drug is highly selective. So far as the local application is 
concerned, experiments showed that it does not affect the healing of fractures. Intro- 
duction of the drug into the wound or its injection into the joint when the control is made 
with normal saline also has no appreciable effect on healing. When inserted into 
operative wounds in powder form or locally implanted in contaminated wounds, sulfanila- 
mide promotes rapid healing. 

Sulfanilamide in the Treatment of Compound Fractures—Dr. Willis C. Campbell, Memphis, 
Tennessee. 

This paper was read by title. 

At the last Executive Session, the following officers were elected: 

President-Elect: Dr. George E. Bennett, Baltimore, Maryland. 
Vice-President: Col. Norman T. Kirk, San Francisco, California. 
Secretary: Dr. Charles W. Peabody, Detroit, Michigan. 
Treasurer: Dr. Rex L. Diveley, Kansas City, Missouri. 

The following Members of Committees and Delegates were elected: 

Member of Membership Committee: Dr. Paul C. Colonna, Oklahoma City, 


Oklahoma. 

Member of Program Committee: Dr. Herman C. Schumm, Milwaukee, Wiscon- 
sin. 

Delegate to the American College of Surgeons, Dr. J. Archer O'Reilly, St. Louis, 
Missouri. 


The President for the current year is Dr. D. E. Robertson, Toronto, Ontario, Canada. 
Elected to active membership in the Association were the following: 

Dr. Guy A. Caldwell, New Orleans, Louisiana. 

Dr. Juan Farill, Mexico City, Mexico. 

Dr. C. H. Hatcher, Chicago, Illinois. 

Dr. Alberto Inclain, Habana, Cuba. 

Dr. Harry B. Macey, Rochester, Minnesota. 

Dr. Nicholas B. Ransohoff, New York, N. Y. 

Dr. William J. Stewart, Columbia, Missouri. 

Dr. Atha Thomas, Denver, Colorado. 
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HANDBOOK OF ORTHOPAEDIC SurGeRY. Alfred Rives Shands, Jr., B.A., M.D. in col- 
laboration with Richard Beverly Raney, B.A., M.D. Ed. 2. St. Louis, The C. V. 
Mosby Co., 1940. $4.25. 

The complaint of students that most orthopaedic reference books are too much like 
encyclopedias has perhaps been justified. Most of these have been voluminous, detailed, 
and intended as sources of reference for orthopaedic surgeons rather than as textbooks 
for students. 

Shands, in writing the “‘ Handbook of Orthopaedic Surgery’ 
Raney, has made a real contribution. The demands for the first edition were so great 
that a second edition had to be issued in a comparatively short time. 

As stated in the preface, this is a concise textbook of contemporary orthopaedic 
surgery, brought up to date. It contains, in addition to brief but adequate discussions 
of all of the commonly encountered orthopaedic conditions, a bibliography of outstanding 
articles written in English prior to July 1939. 

The text is easy to read and easy to understand. It has been generously illustrated 
with artist’s drawings which emphasize the anatomical relationships or pathological 


’ 


, in collaboration with 


conditions under discussion. 

It is to be hoped that those medical schools in which the teaching of orthopaedic 
surgery has been superficial or entirely neglected, will be encouraged to give this subject 
more consideration and to make use of this excellent text in the planning of lectures, in 
the presentation of clinical material, and by recommending it to students. 


Minor Surcery. Frederick Christopher, 8.B., M.D., F.A.C.S. with a Foreword by 
Allen B. Kanavel, M.D., F.A.C.S. Ed. 4. Philadelphia and London, W. B. Saun- 
ders Co., 1940. $10.00. 

This edition in one volume of 946 pages, with 639 illustrations, describes the treat- 
ment of minor surgical conditions encountered by the physician in a typical general 
practice. The ever-increasing burden placed upon the teaching of medical students, 
because of the more intensive instruction in the basie sciences and rapid advance in 
medicine, often leaves but little time for consideration of minor conditions. 

In this age of frequent automobile or industrial accidents, physicians not connected 
with large hospitals, or especially skilled in surgery, are often confronted with minor 
surgical problems. All too often such a minor condition becomes a major one as a result 
of lack of knowledge or careless technique. In this book nearly every minor surgical 
condition that a general practicing physician would be apt to meet is briefly but concisely 
described and treatment outlined. Illustrations are numerous ard informative. The 
subject matter is so arranged and indexed that the information desired is readily obtained. 

The fourth edition is not a copy of its predecessors. The whole volume has been 
revised, many chapters have been entirely rewritten, and in others old material has been 
replaced by new. Some of the new procedures described are: newest factors in wound 
healing, including vitamins; sulfanilamide therapy for various conditions; latest methods 
in the treatment of burns; injection therapy; care of minor industrial and automobile 
injuries; new intravenous therapy; postoperative management of water balance; and 
Wangensteen suction technique. In addition to these, there are many excellent chapters 
such as those on treatment of open and closed wounds, head injuries, infections of the neck, 
infections of the hand, and injuries to the lower extremity. 

Perhaps one of the most valuable chapters is that devoted to the surgical interne. 
Here he can learn many of the things which he is often left to discover for himself by the 
trial-and-error method. 
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Taken all in all, this book is excellent for that which the title professes—minor 
surgery. For the interne, the physician not allied with a large modern hospital, or the 
busy general practitioner, ‘‘ Minor Surgery” will be of inestimable value in bringing to 


him the newest in minor surgical practice. 


CurA OPERATORIA DELLE FRATTURE DEL COLLO DEL FEMORE (Operative Treatment 
of Fractures of the Neck of the Femur). Prof. V. Putti. Bologna, L. Cappelli, 
Kditore, 1940. 60 lire. 

This monograph gives Prof. Putti’s methods of treating, by operative means, frac- 
tures of the femoral neck. The first part contains chapters on the history of skeletal 
fixation; the classification; general statistics with regard to incidence, sex, age, and types 
of fractures; and statistics concerning their treatment. 

In the fourth chapter of this part an anatomical analysis is made, and the conditions 
produced by the use of a screw are described. 

The fifth chapter gives the indications and contra-indications for skeletal fixation. 

In the subsequent chapters Prof. Putti describes in detail his method of fixation by 
means of a screw; gives notes on the postoperative treatment; and states the results. 

In the second part of the monograph the author gives his methods of treatment of 
old fractures of the neck of the femur, giving the indications and contra-indications for 
osteotomy. The author’s reasons for each detail of the treatment are stated and the 


book is abundantly illustrated. 


THe Foor anp ANKLE: THEIR INJURIES, DISEASES, DEFORMITIES AND DISABILITIES. 

Philip Lewin, M.D., F.A.C.S. Philadelphia, Lea & Febiger, 1940. $9.00. 

When the variety of conditions which may affect the foot and ankle are considered 
as a whole, they trespass on the precincts of numerous specialties beyond the strict field 
of orthopaedic surgery. Heretofore textbooks have somewhat neglected these outlying 
topics and have concentrated on the major specialty, but there is a growing tendency 
among modern authors to break away from this custom and to present the subject in 
all its aspects. Such treatment greatly enlarges the value of the book from the stand- 
point of the general practitioner. 

Dr. Lewin has presented his studies from this viewpoint, and a glance at the subject 
matter reveals the wide range of topics which he has covered. The usual static and 
mechanical strains are fully discussed with a clear exposition of the basic principles under- 
lying them. There are detailed chapters on specific deformities, congenital defects, and 
bone affections. Space is devoted to the minor complaints which so often puzzle the 
practitioner, and the uncommon and rare conditions also receive adequate notice. 
Industrial, athletic, and military injuries are described in a very practical survey. 
Besides such standard orthopaedic topics as arthritis, poliomyelitis, and spastic paralysis, 
there are some very worth-while chapters on circulatory disorders, skin affections, and 
neurological lesions. In addition, the field of traumatic surgery is represented by full 
discussions of fractures, dislocations, and amputations. 

One point of particular interest is the theory which Dr. Lewin has advanced of a new 
“ause of metatarsalgia, due, he believes, to the posture in sitting with the heels off the 
floor and the toes turned up like a ballet dancer. The pressure thus exerted on the 
metatarsal heads exaggerates the depression of the anterior arch and may be, in his 
opinion, a very common factor in foot strain. 

Such a hasty review of the material included in this book fails to reveal the excellent. 
quality of the articles themselves. Perhaps it is enough to say that they are distinguished 
by clear and concise exposition, by a wealth of practical suggestions, and by their very 
successful illustrations. An unusual appendix has been added under the witty title of 
“‘Pedigrams”’, containing a collection of epigrams on the subject of the foot. 

Altogether this text deserves close study by orthopaedic surgeons as a whole and by 
the rank and file of general practitioners as well. 
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ConGENITAL Ma.trormations. A Srupy oF PARENTAL CHARACTERISTICS WITH 
SpectAL REFERENCE TO THE REPRODUCTIVE Process. Douglas P. Murphy, M.D., 
F.A.C.S. Philadelphia, University of Pennsylvania Press, 1940. $2.00. 

From the Gynecean Hospital Institute of Gynecologic Research the author reports 
an extensive statistical study of parental characteristics with special reference to the re- 
productive process and to the occurence of congenital malformations. From this study, 
based on an investigation of 600 couples, a series of thirty-two conclusions are drawn 
by Dr. Murphy, which, in general, bear out the belief that congenital malformations are 
definitely hereditary. It is surprising that, in this series, syphilis, as indicated by the 
Wassermann blood test, does not appear to afflict the mothers of congenitally malformed 
offspring more often than those of children who are normally developed at birth. The 
conclusion that the diets of the mothers of defective children are significantly lacking in 
adequate amounts of calcium, phosphorus, iron, and vitamins B, C, and D requires 
further evaluation. In view of the wide extent of these deficiencies, it seems doubtful 
whether this factor bears any more definite relation to congenital malformations than 
does syphilis. 

The most significant contribution of this important piece of research is summed up 
in the final general conclusion: ‘Gross human congenital malformations arise solely from 
influences which affect the germ cells prior to fertilization. No evidence is available to 
indicate that they result from factors which operate for the first time after fertilization 
has taken place.” 

PRINCIPLES OF ORTHOPEDIC SURGERY. James Warren Sever, M.D. Ed.3. New York, 
The Maemillan Co., 1940. $3.25. 

This work of which the present volume, entitled “ Principles of Orthopaedic Surgery ”’ 
is the third edition first appeared in 1924 under the title, ““Text Book of Orthopedic 
”. In truth, neither designation is entirely correct for this excellent series of 


Surgery 
The author notes in his preface that the material in 


lectures on orthopaedic topics. 
this book is the result of many lectures on orthopaedic surgery to students and nurses. 

For the general practitioner or the student, it offers a vivid and interesting presenta- 
tion of the material of orthopaedic surgery. In large part, the text of the original volume 
has been incorporated into the present edition, but numerous additions of more recent 
These addenda are extremely valuable 


studies in orthopaedic surgery have been made. 
But for this very 


in that they present the single viewpoint of the author’s maturity. 
reason the experienced orthopaedic surgeon, who is often interested in diversity of opinion, 
may not find the work so significant as it must certainly prove to be to the student. The 
text is clear, the indications are unequivocal, and the illustrations are exellent. 


A Synopsis or SurGery. Ernest W. Hey Groves, M.S., M.D., B.Se. (Lond.), F.R.C.S. 
(Eng.). Ed. 11. Baltimore, The Williams & Wilkins Co., 1940. $5.00. 
This book, as its title implies, gives only the essentials of the practice of surgery. It 

is not intended to supplant the more detailed and complete textbooks, but, rather, to sup- 


Its concise and orderly arrangement of facts enables the busy practitioner 


plement them. 
That 


to obtain quickly and easily the fundamental points in diagnosis and treatment. 
it has reached the eleventh edition is evidence of its favorable reception by the medical 
profession. 

The text in this latest edition has had complete revision; it includes the recent 
information on the subjects which are creating so much interest at present, replacing 
some of the older material which has now become less accurate or important. The book 
deserves the continued popularity which the previous editions have enjoyed. 


Estupo sOBRE DORES LOMBARES (A Study of Lumbar Pain). Orlando Pinto de Souza. 
Sao Paulo, Emprésa Grdfica da ‘ Revista dos Tribunais’’, 1939. 
This large, paper-bound monograph with many roentgenograms and other illustra- 
tions, printed on excellent paper, presents an interesting and careful study of the problem. 
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The author recognizes the immensity of the subject and, therefore, limits his study to 
the so-called rheumatic affections of the spine, including certain congenital malformations. 

The author relates the results of his own experiences and the accepted views of many 
of the European and, especially, of the American orthopaedic surgeons. In consecutive 
chapters, he gives a keen, critical analysis of differential signs described in the orthopaedic 
literature and attempts to show the great importance of arthritis of the articular facets of 
the lumbar vertebrae and the ensuing involvement of the intervertebral foramina in 
relation to causation of pain. The pathogenesis of lumbar pain and its irradiation are 
treated at some length in connection with the anatomy of the foramina and statics and 
dynamies of the spine. The problems connected with the intervertebral disc, spon- 
dylolisthesis, and anatomical anomalies are presented in the light of coexisting and 
secondary arthritic changes in the articular processes of the vertebrae. 

In the final chapter the treatment is discussed in a thorough and illuminating man- 
ner. An operative procedure is described and well illustrated. It consists of a fusion 
of the lumbar spine with placement of two bone grafts—one in each paravertebral groove 

and of removal of the articular processes of the vertebrae to enlarge the intervertebral 
foramina. An extensive bibliography is appended. 


CARE OF PoLIOMYELITIS. Jessie L. Stevenson, R.N. New York, The Macmillan Co., 

1940. $2.50. 

This book is written by a nurse with many years’ experience in public health nursing, 
and presents material of value to those in the field of public health and orthopaedic nursing. 

An account is given of the growth of public interest in poliomyelitis, and a summary 
of the accomplishments in research, control, and after-care by such organizations as The 
National Foundation for Infantile Paralysis, Harvard Infantile Paralysis Commission, 
Georgia Warm Springs Foundation, and the Visiting Nurse Associations of Brooklyn and 
Chicago. 

Brief descriptions of the etiology, pathology, control of epidemics, course of attack, 
treatment through the various stages of the disease, educational facilities, and vocational 
work are presented. Credit is given to the proper authorities at the close of each chapter. 

Complete instruction is given for bedside nursing, protection of affected muscles, 
prevention of deformity, psychology of adjustment of family and patient, and cooperation 
with the medical profession and available agencies. Many helpful suggestions for the 
use of home facilities, adjustments of beds, and protective apparatus, while not new, are 
well repeated here. In the appendices are reprinted from The Physiotherapy Review 
directions for making simple splints. The illustrations are an adjunct to the text. 

The very limited explanations of the use of heat, massage, muscle testing and 
training, and exercises in water are not adequate instruction for their use. Only enough 
information is given to acquaint the reader with these modalities. The author, because 
of her training, naturally gives a preponderance to a nurse’s viewpoint. 

Supervisors and instructors of public health nurses will find much teachable material 


in this book. 


THe Mepicat ANNUAL, 1940. Edited by H. Letheby Tidy, M.A., M.D., F.R.C.P., 
and A. Rendle Short, M.D., B.S., B.Se., F.R.C.S. Bristol, John Wright & Sons, 
Ltd., 1940. 20 shillings. 

The present edition of the Annual is the fifty-eighth, and follows closely the general 
scheme of its predecessor which was reviewed in The Journal of October 1939. This 
year the Annual consists of 604 pages of text, 62 text illustrations, 65 plates, plain and 
colored, and a practitioner’s index of new pharmaceutical and dietetic preparations, 
medical and surgical appliances, ete. This is followed by a chapter which lists important 
new books and periodicals which have appeared during the year. 

The subject matter of the text has been prepared by thirty-five of England’s leading 
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physicians and surgeons. For the most part the contributors are the same as those of 
last year, though a number of new names appear. Each subject is covered by a physician 
skilled in that field, and the conditions taken up are numerous and diversified. 

Those physicians familiar with the Annual will find it the same dependable medical 
bible which each year is so widely popular throughout the British Empire; to others it 
will prove of value as a reference book and guide to the latest developments in medicine 
and surgery. 


STEcKSCHUSS UND RO6ONTGENSTRAHLEN. UNTERSUCHUNG UND BEHANDLUNG DER 
SreckscHtissE (X-ray in Imbedded Projectiles). Prof. Dr. Rudolf Grashey. 
Leipzig, Georg Thieme, 1940. 8.70 marks. 

The influence of the war is felt in the appearance of this well-illustrated, ninety-page 
monograph which actually amounts to a military manual. It includes all the old and 
many new tricks in the localization of foreign objects in all parts of the body. Of par- 
ticular interest is the binocular visualization of bullets at the time of operation. 


MANUAL OF PERIPHERAL VASCULAR DisorpDERS. David W. Kramer, M.D., F.A.C.P. 

Philadelphia, The Blakiston Co., 1940. $6.00. 

Within the past decade there has been an increasing interest in peripheral vascular 
disorders, and an appreciation of their importance. This manual, therefore, is of par- 
ticular timeliness and interest. It presents a systematic study, based on the author’s 
extensive clinical experience, of the history, symptoms, signs, and tests by which the 
differential diagnosis of these disorders may be made. In subsequent chapters is pre- 
sented a systematic description of the occlusive, vasospastic, and vasodilator disorders, 
and of gangrene, and disorders of the veins. To the practitioner, this should prove a 
monograph of exceptional value in dealing with this important group of peripheral 
circulatory diseases. 


Evr10-PATHOGENIA DA COXA-PLANA (ESTUDO EXPERIMENTAL). (Etiology and Patho- 
genesis of Coxa Plana. Experimental Study.) Dr. Domingos Define, Sao Paulo, 
Rothschild & Cia. 1939. 

This is an eighty-page monograph written as a thesis and presented before the 
Medical Faculty of the University of Sao Paulo, Brazil. There is a good systematization 
of the problem. A number of illustrations demonstrate the circulation of the head and 
neck of the femur, and also the results of the experimental studies of the author, who 
adheres to the traumatic theory of the etiology of coxa plana. 


CHONDROMALACIA PATELLAE. Stig Karlson. Acta Chirurgica Scandinavica, LX XXIII, 

347, 1939. 

Although the author was unable to state definitely the relative importance of acute 
trauma as opposed to endocrine disturbance or other essential inferiority of the patellar 
cartilage, he presupposed a trauma in most cases. He divided the symptoms into three 
phases: first, the acute trauma; second, the latent chondromalacia without subjective 
symptoms other than crepitation; and the third phase in which there were subjective 
symptoms of stiffness, pain, “jamming’’, weakness, fatigue, and audible and palpable 
crepitation. In the latter phase, there were objective findings of crepitation, thickening 
of the synovial membrane, tenderness, swelling of the infrapatellar fat pad, effusion, 
atrophy of the femoral muscles, and pain on pressure of the patella. 

Treatment of the first and second phases was by rest and heat. In the third phase 
these measures usually failed and surgery was necessary. Operation consisted in the 
removal of the fibrillated and loose cartilage as well as marginal osteophytes when pres- 
ent. Sixty-two operated knees and seventy-one which were conservatively treated were 
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reexamined. The tabulation of results was complicated by the presence of other lesions 
in the knees treated. In general the results were encouraging. Osteophyte formation 
was a frequent sequel.—W alter P. Blount, M.D., Milwaukee, Wisconsin. 


Potyostotic Fisrous Torfinn Denstad. Acta Radiologica, XXI, 143, 

Apr. 1940. 

The author describes the case of a woman aged eighteen, who presented herself, 
complaining of pain and limp ten years after a fracture of the left femur. After briefly 
reviewing the differential diagnosis, eliminating simple bone cyst, giant-cell tumor, and 
generalized osteitis fibrosa cystica, the author inclines to the opinion that his case belongs 
to the category designated by Lichtenstein as ‘‘ polyostotic fibrous dysplasia’’. 

The lesion is believed to represent a congenital anomaly of skeletal development. 
Symptomatically, the disease is characterized by pain, limp, and deformity, which de- 
velop during the childhood and adolescence of women. Pathological fracture is common. 
Roentgenographically, rarefaction of the affected bones, with thinning and expansion of 
the cortex, is typical. The calcium and phosphatase content of the blood are unchanged. 
At operation, the marrow cavity is frequently filled by a relatively avascular grayish- 
white tissue of spongy or elastic consistency. Operation does not appear to have any 
therapeutic significance. Since the activity of the lesion decreases with advancing years, 
the most rational treatment consists in prophylaxis against fracture.—Henry Milch, 
M.D., New York, N. Y. 


DIAGNOSIS AND ROENTGEN TREATMENT OF CERTAIN Forms oF LumBaco. Chr. I. 

Baastrup. Acta Radiologica, XX1, 151, Apr. 1940. 

The author calls attention to the fact that the interspinous space is normally greater 
anteriorly than posteriorly. While this may vary physiologically, contact of the tips of 
the spinous process with loss of the interspinous tissues may lead to a severe form of 
backache. This usually occurs in hyperextension and may be associated with a number 
of different conditions. Acute flexion may lead to the same symptoms as a result of the 
tearing of the interspinous ligaments. This condition he designated as osteo-arthrosis 
processus spinosi. 

In the acute cases, the pain is usually localized over the interspinous space, but it 
may be found in the paraspinous areas. Treatment consists of heat, rest, and sedation. 
In more severe cases, novocain injection frequently affords relief. 

In the chronic cases, roentgenotherapy is frequently very efficacious. The details of 
the therapy are given. In brief, the individual is given 300 roentgen units. This may 
be repeated twice at intervals of six weeks. If this is ineffective, another series of two or 
three treatments, at six-week intervals, is given. Of a total of sixteen men, twelve 
showed improvement; among twenty-seven women, twenty-one were improved. In 
most cases the symptoms, of long duration, were relieved after a single exposure. The 
effect may be only temporary and the patient may require renewed roentgenotherapy 
upon recurrence of the symptoms.—Henry Milch, M.D., New York, N. Y. 


ARTHROGRAPHY AND ROENTGENOGRAPHY IN RUPTURES OF THE TENDONS OF THE SHOUL- 

DER Jomnt. Knut Lindblom. Acta Radiologica, XX, 548, 1939. 

The author stresses the fact that in his series none of the clinical signs described by 
Codman, Palmer, and others proved to be pathognomonic of ruptures of the musculo- 
tendinous cuff about the shoulder joint. On the other hand, arthrography of the shoul- 
der joint has proven an accurate diagnostic method. 

Arthrography is performed by the intra-articular injection of six cubic centimeters 
of a thirty-five per cent. solution of perabrodil mixed with one cubic centimeter of novo- 
cain, after preliminary novocain anaesthesia. Roentgenograms are made immediately 


VOL, XXII, NO. 3, JULY 1940 


‘ 


772 CURRENT LITERATURE 


in a series of four positions, which the author describes and illustrates. The interpreta- 
tion of the normal roentgenogram in these different positions is contrasted with roent- 
genograms of clinically proven cases of ruptures of the various muscles about the shoulder 
joint.—Henry Milch, M.D., New York, N. Y. 


DETERMINATION OF SERUM “ AciD’’ PHOSPHATASE ACTIVITY IN DIFFERENTIATING SKELE- 
TAL METASTASES SECONDARY TO Prostatic CARCINOMA FROM PaGeEt’s DISEASE 
oF Bone. Alexander B. Gutman, Ethel Benedict Gutman, and John N. Robinson. 
The American Journal of Cancer, XX XVIII, 103, Jan. 1940. 

The authors note that roentgenographic differentiation between osteitis deformans 
and skeletal metastases from prostatic carcinoma is occasionally impossible. The present 
study emphasizes the importance of determining the serum acid phosphatase activity as 
an aid in differential diagnosis. 

Determinations were made by the method of King and Armstrong at a hydrogen-ion 
content of 4.8, and by the method of Bodansky in estimating alkaline phosphatase ac- 
tivity. 
Most cases of prostatic carcinoma with bone involvement show serum acid phos- 
phatase values greater than three units per 100 cubic centimeters. On the other hand, 
all but five of more than 200 control patients with diseases other than metastatic carci- 
noma of the prostate or Paget’s disease were found to have serum acid phosphatase 
values of less than three units per 100 cubic centimeters. 

The acid and alkaline phosphatase activity of the serum in thirty-two cases of 
Paget’s disease is recorded in the present study. Six of the most advanced cases, with 
serum alkaline phosphatase levels of over seventy Bodansky units per 100 cubic centi- 
meters of serum, were found to have serum acid phosphatase levels of over three units per 
100 cubic centimeters; in the remaining twenty-six cases, normal values were obtained. 

The author concludes that the determination of serum acid phosphatase activity 
appears to be applicable to the differentiation of Paget’s disease from bone metastases 
secondary to carcinoma of the prostate.—Grantley W. Taylor, M.D., Boston, Massa- 


chusetts. 


THE OPERATIVE LENGTHENING OF THE TIBIA AND FipuLa. A PRELIMINARY REPORT 
ON THE FURTHER DEVELOPMENT OF THE PRINCIPLES AND TECHNIC. Leroy C. 
Abbott and John B. deC. M. Saunders. Annals of Surgery, CX, 961, 1939. 

The authors review their earlier experiences in operative lengthening of the tibia and 
fibula, which was begun in 1924. They refer to the difficulties and complications en- 
countered and mention the trend of some surgeons toward less radical procedures such as 
shortening of the sound leg by fusion of the epiphyses. However, there is a limited group 
of cases in which bone lengthening is definitely indicated; consequently the authors have 
conducted further studies with a view to reducing the chances of complications from 
this procedure. 

Toa large extent these complications result from a failure of the soft parts to lengthen 
proportionally with the bones. In order to determine the exact relationship of the deep 
fascia, intermuscular septa, and interosseous membrane to the tibia and the fibula, as well 
as the relationship of the muscles to these structures, the authors carried out many 
anatomical dissections. 

As a result of these studies, they developed a technique of operation based on new 
principles. This technique involves a complete division of the deep fascia of the leg, the 
intermuscular septa, and the interosseous membrane, as well as the freeing of all the 
important blood vessels and nerves at the upper portion of the leg. 

The chief features of the operation are: 

1. Special osteotomies to retain the maximum portion of the origin of the muscles 


which pass from the leg to the foot. 
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2. Incisions to provide for freeing the blood vessels and nerves from their points 
of fixation. 

3. Preservation of the nutrient vessels of the tibia and the fibula and a minimum 
reflection of the periosteum of these bones. 

A new apparatus has been developed which gives better control over the fragments 
and decreases the chances of infection. 

Seven cases in which the new technique was used are reported, along with critical 
comment on the operative technique and postoperative course in each case. 

The authors emphasize the fact that the operation of bone-lengthening is and always 
will be a major undertaking with the possibility of serious complications. They feel 
that with more study and experience a less radical procedure will be developed to carry 
out the same objectives.—O. B. Bolibaugh, M.D., San Francisco, California. 


A CLINICAL CONSIDERATION OF THE METHODS OF EQUALIZING LeG LENGTH. Philip D. 

Wilson and T. Campbell Thompson. Annals of Surgery, CX, 992, 1939. 

This paper presents a very complete survey of the subject. Inequality of leg 
length has always been regarded as a disgraceful and crippling condition. The unfor- 
tunate victims suffer from a psychological as well as a physical handicap. In selecting 
cases for operation, sound surgical judgment and not sentiment must be the deciding 
factor. 

The surgical approach to this subject is discussed by the authors under the following 
classification: 

I. Changing the rate of growth: 
(1) Stimulation of growth in the shorter extremity. 
(a) Local stimulation of bone growth. 
(b) Lumbar sympathectomy. 
II. Surgical reconstruction. 
(1) Bone lengthening of the shorter extremity. 
(2) Bone shortening of the longer extremity. 

Illustrative cases, showing results from the various methods, are reported. The 
advantages and disadvantages are presented in detail. 

The various factors to be taken into consideration in selecting the type of procedure 
are emphasized. Their conclusions can be summed up briefly as follows: 

1. Local stimulation is as yet of no clinical value. 

2. Improvement cannot be assured from lumbar sympathectomy. The greatest 
gain that can be expected is about one inch. 

3. Epiphyseal arrest is a relatively minor procedure. Careful calculation must be 
made to determine at what age the operation should be done. Complete fusion is 
necessary to prevent deformity from unequal growth. This operation is applicable only 
during the growing period. 

4. Leg lengthening is a formidable procedure, frequently attended by serious com- 
plications, and should not be attempted in severely paralyzed or atrophic extremities. 
It should be done only in cases in which the patients are too old for epiphyseal arrest or 
are unwilling to sacrifice height by shortening the longer leg. 

5. Leg shortening has the disadvantage that it must be done on the longer and 
usually sound leg. It is relatively simple and much safer than bone lengthening. This 
procedure gives a better functional result than leg lengthening.—0O. B. Bolibaugh, M.D., 
San Francisco, California. 


Bioop-BorNE PyoGENic INFECTIONS OF BONES AND Joints. Fenwick Beekman and 
John E. Sullivan. Annals of Surgery, I11, 292, Feb. 1940. 
The authors point out that our conception of acute osteomyelitis has undergone 
constant changes during our lifetime. 
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Thirty years ago the disease was considered a local condition and was treated by 
radical resection of the involved bone. These drastic shock-producing operations, if not 
hastening death, often resulted in a crippled and deformed limb or an amputation. 

The significance of blood-stream infection in acute osteomyelitis was not appreciated 
by earlier writers. 

The blood-stream infection may be transitory or persistent, in the latter case it 
produces death of the patient. In the former case, treatment need be directed only at 
the local condition. 

The authors quote statistics which show the mortality is not due to osteomyelitis but 
to the preceding blood-stream infection which may cause death through septicaemia or 
pyaemia. Therefore, treatment should be directed against the underlying blood-stream 
infection. 

Twenty-one case histories from the Children’s Surgical Service of Bellevue Hospital 
are presented with comments. From their studies, the authors arrived at the following 
conclusions: (1) Death results from septicaemia or pyaemia and is not due to the lesions 
in bones or joints. (2) Streptococcus septicaemia behaves differently from staphylococ- 
cus septicaemia, as shown by local and general manifestations. (3) Every attempt 
should be made to recognize the organism before treatment is begun. (4) More atten- 
tion should be paid to the general condition of the patient before operation on the local 
condition is undertaken. The normal physiological balance of the body should be es- 
tablished by use of intravenous saline and glucose solutions, and by transfusions. (5) 
Local lesions should not be drained by incision until an abscess is formed or frank pus is 
found to be present. In pyarthrosis, operation to relieve tension is indicated. Lesions 
due to staphylococcus should be drained as soon as the patient’s bodily condition war- 
rants it. Those due to streptococcus may be drained when the purulent exudate has 
formed. (6) In the treatment of acute osteomyelitis and pyarthrosis, complete im- 
mobilization of the extremity with infrequent dressings has proved of benefit. (7) By 
employing the above methods, decrease in mortality has been effected. (8) Far 
better functional results have been obtained in pyarthrosis by use of the Orr method.— 

O. B. Bolibaugh, M.D., San Francisco, California. 


THE TREATMENT OF ComMPpoUND FRACTURES OF THE LONG Bones. James H. Heyl. 


Annals of Surgery, III, 470, Mar. 1940. 

This paper is based on a study of all the compound fractures of the extremities which 
were originally treated at the Beekman Street Hospital from 1925 to 1936, inclusive. 
There were 128 patients. 

This paper is somewhat unique in that it is based upon an analysis of mistakes and 
failures rather than upon good results. 

Résumés of the following groups of cases are presented: (1) Thirteen patients 
died within thirty-six hours after admission without operation. (2) Nine patients 
died within twenty-four hours after admission after débridement. (3) Five patients 
had immediate amputation. (4) Eleven patients had late amputation. (5) Résumé 
of late fatalities. 

There were twenty-six deaths in the series, or a total mortality of 20.3 per cent. 
Excluding the thirteen fatalities which occurred within thirty-six hours, the mortality 
was 11.3 per cent. Sixteen patients were subjected to amputations. There were nine 
anaerobic infections in the series. 

The following points are emphasized in the conclusions: Traction should be applied 
in all compound fractures for transportation. A careful examination should be made on 
admission to determine the complicating conditions. Shock must be combatted before 
operative procedures are undertaken. Débridement should be performed within six 
hours of the injury or not at all. Reduction and immobilization should be undertaken 
early. Late reductions after infection is present are contra-indicated. Closure of wound 
with or without débridement should be exceptional. Amputations are necessary for 
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impaired circulation or spreading infection.—0. B. Bolibaugh, M.D., San Francisco, 
California. 


Speciric OsTEOMYELITIS (SypHttis). M.G. Ramachander. The Antiseptic, XXXVI, 

1071, Nov. 1939. 

This is the report of a case of specific syphilitic osteomyelitis in a four-year-old boy. 
The lesion involved the left tibia and fibula and the right humerus. The tibia suppur- 
rated and required incision and drainage. 

Roentgenogram showed extensive involvement of the periosteum and patchy de- 
struction of the cortex and medulla. There was no bone sequestration. Both parents 
had a history of syphilis, but the child showed no other signs of congenital syphilis. His 
convalescence was expedited by treatment with iodide and mercury.—Robert 1. Green, 
M.D., Boston, Massachusetts. 


HEILUNGSERGEBNISSE VON HALLUX VALGUS-OPERATIONEN (End Results of Hallux 
Valgus Operations). Ewald Fréhlich. Archiv fiir orthopddische und Unfall-Chir- 
urgie, XX XIX, 624, 1939. 

The author, working in Hohmann’s Clinic, reports on sixty-six cases operated upon 
by Hohmann’s method with occasional modifications, and ten cases operated upon by 
Brandes’ technique. 

Hohmann attacks the spreading of the forefoot by osteotomizing the neck of the first 
metatarsal and by displacing the head fragment laterally on the metatarsal shaft, at the 
same time rotating it medially and plantarward. At times the exostosis is chiselled off. 
Occasionally the lateral soft tissues must be divided to straighten the first toe. He then 
strips the soft tissues from the shaft of the first metatarsal sufficiently to mobilize it and 
forces it manually toward the second metatarsal (although he makes no provision for 
keeping it there). In one case, a corresponding procedure was performed in the area of 
the fifth toe. 

Brandes resects two-thirds of the proximal portion of the basal phalanx of the great 
toe. The author prefers to resect but one-half. Usually the exostosis was simultane- 
ously removed. The operation was performed when arthritic changes in the metatarso- 
phalangeal joint made it inadvisable to employ the Hohmann procedure. 

On the whole, the author was satisfied with the results of the Hohmann operation 
when the technique was followed accurately. Surgery on the joint itself necessitated 
longer after-care to restore adequate motion. Weight-bearing was not permitted for the 
first four weeks. Attempts to tighten the spread forefoot in four cases failed.—Joseph E. 
Milgram, M.D., Brooklyn, New York. 


ZUR BLUTIGEN BEHANDLUNG SCHLECHT STEHENDER KNOCHELBRUCHE (Operative Treat- 
ment of Malaligned Ankle Fractures). v. Brandis. Archiv fiir orthopddische und 
Unfall-Chirurgie, XX XIX, 659, 1939. 

Malaligned ankle fractures necessitated open operation in twelve of 280 fractures of 
the ankle occurring in an eight-year period. The difficulties revolve about the disruption 
of the fork of the ankle due to the rupture of the ligaments which hold the tibia to the 
fibula, displacement of the fibula, and displacement of the posterior fragmented portion 
of the tibial articular surface. Emphasizing the incidence of arthritic changes in these 
joints, the author at open operation insists on adequate exposure to permit accurate 
fixation with stainless-steel wire or, occasionally, with pins. He removes these as a rule 
in from six to eight weeks. In severe comminuted fractures of the fibula, a bone graft is 
used to restore the alignment of the fragments.—Joseph E. Milgram, M.D., Brooklyn, 
New York. 


VOL, XXII, NO, 3, JULY 1940 


776 CURRENT LITERATURE 


KNOCHENBRUCHE UND SCHWANGERSCHAFT (UNTER BESONDERER BERUCKSICHTIGUNG 
DER BECKENBRUCHE). [Fractures and Pregnancy (with Especial Regard to Fractures 
of the Pelvis).| J. Lampert. Archiv fiir orthopddische und Unfall-Chirurgie, 
XXXIX, 675, 1939. 

The author adds four cases of fractures occurring during pregnancy to the rather 

Three were pelvic fractures. In these, as in 


small number appearing in the literature. 
In one of his cases, a large 


the reported cases, union was prolonged past the usual dates. 
bony exostosis existed on the pubis, the consequence of a fracture sustained four months 
before the patient became pregnant. During the nine months of the succeeding preg- 
nancy, the exostosis was spontaneously absorbed, and a normal delivery ensued. 

The author agrees with the opinions expressed in the literature that bony union in 
maternal fractures is delayed during the first and middle thirds of gestation. During the 
last three months, rapid bone formation is noted.—Joseph E. Milgram, M.D., Brooklyn, 


New York. 


LAS FRACTURAS DE LA EMINENCIA CAPITATA DEL HUMERO (Fractures of the Capitellum 
of the Humerus). Oscar R. Maréttoli. Boletines de la Sociedad de Cirugia de 
Rosario, V1, 459. Nov. 1939. 

The lesion known as fracture of the capitellum of the humerus is one in which the 
fracture involves that portion of the external condyle of the humerus which projects 
outward and forward to articulate with the upper end of the radius. This fracture has 
received a good deal of attention and discussion in times past and the author goes into the 
history of this lesion in some detail. While this fracture is relatively rare in the ordinary 
surgeon's private practice several large series of cases have been reported and these are 
His own series consists of four cases or 3.47 per cent. of the 115 fractures of 
the elbow which he encountered. The fractures are divided into two distinct classifica- 
tions depending upon the location of the fracture line. The first class involves simply the 
tip of the external condyle, while the second class includes those with an extensive frac- 
ture extending down into the trochlear portion of the joint. In the author’s series of four 
cases, three were of the second type. Without exception, the displaced fragment under- 
went some rotation. The rotation was quite variable, but either ninety or 180 degrees 
of forward rotation was often found. In general he concludes that in those cases in 
which the rotation is less than ninety degrees a closed reduction may be done with an 
expectation of good results, while in those cases where the rotation is over ninety degrees 
open reduction is usually necessary. He stresses, however, the importance of indi- 
vidualizing each case before deciding the type of treatment to use. The author em- 
phasizes the importance of looking for other fractures in connection with the fracture of 
the capitellum, because they are especially common at the proximal end of the radius in 
connection with this lesion. Better anatomical reposition and better end results can 
usually be obtained by surgical treatment. The author presents his four cases in detail 
with roentgenograms illustrating each case.—Louis W. Breck, M.D., El Paso, Texas. 


mentioned. 


CoMPRESSION FRACTURES OF THE Os Catcis. Gordon Murray. The Canadian Medical 


Association Journal, XLII, 422, May 1940. 

The type of fracture where the chief deformity is an impaction of a fragment in- 
cluding the articular surface of the os calcis into the lower fragment of this bone has pre- 
sented many difficulties in reduction. It has been the author’s experience, in several of 
these cases, that skeletal traction by the Béhler method or manipulation with traction 
and pounding did not elevate this fragment. It was planned, therefore, to elevate the 
fragment by open operation and to support it in position by bone grafts. 

A lateral incision was used and the fragment was elevated with osteotomes. Two 
tibial grafts were cut, half an inch in thickness at the posterior ends and tapering off to 
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one-sixteenth of an inch anteriorly. The grafts were placed longitudinally in some cases 
and transversely in others. 

Two cases are reported with roentgenograms. One patient returned to the work of 
a laborer four and a half months after operation, and at the end of a year had no de- 
formity or disability. The other returned to work five months efter operation, and at 
the end of a year and a half had no disability. 

The author concludes that, while there is only a small percentage of cases of fractured 
os calcis of this type, they present a problem which has not been solved satisfactorily by 
other methods of treatment. In these cases open reduction with elevation of the frag- 
ment and insertion of bone grafts appeared to give satisfactory anatomical and functional 
results.—F. R. Wilkinson, M.D., Toronto, Ontario. 


FRACTURES OF THE MANDIBLE. Stuart Gordon. The Canadian Medical Association 

Journal, XLII, 521, June 1940. 

Forty-three cases of fracture of the mandible are discussed and a new modification 
of an old method of treatment is described. 

Block anaesthesia of the inferior dental nerve with 2 per cent. novocain was used 
in sixteen cases, fifteen were done without any anaesthetic, five with avertin and nitrous 
oxide, and five with nitrous oxide. Avertin was the least satisfactory. 

Various methods of wiring the teeth are described, including band wires and cir- 
cumferential wires. The author’s modification consists of passing a length of 28-gauge, 
stainless-steel wire between two molars or bicuspids and then in and out between the teeth 
until a corresponding tooth on the opposite side is included. In each instance a loop is 
formed in the wire where it lies on the buccal surface of a tooth. A mechanical looper has 
been devised which forms loops identical in size, shape, and length; this is illustrated. 
Cross ties of waxed silk are used. Fractures a short distance in front of the angle and 
with the posterior fragment edentulous are treated by passing a stainless-steel wire 
through a hole drilled near the angle of the mandible. Traction is obtained by fastening 
this wire with a piece of heavy elastic to a jury-mast extending down from a plaster head- 
piece. Extraction of a tooth lying in the line of fracture is not advised unless the tooth 
be dirty. 

Complications in this series were relatively rare. Thirty-five obtained an immediate 
good result from treatment. One patient died of meningitis. The details of the less 
favorable results are given.—F. R. Wilkinson, M.D., Toronto, Ontario. 


STaPHyLococcus SEPTICEMIA WITH Septic ARTHRITIS OF THE KNEE TREATED WITH 
SULFAPYRIDINE. Report ora Case. J. I. Kendrick. Cleveland Clinic Quarterly, 
VII, 35, Jan. 1940. 
ixendrick reports the favorable treatment of a case of septic arthritis of the knee 

joint by the oral administration of sulfapyridine and by multiple aspirations and irriga- 

tions of the joint. The blood and joint fluid were positive for staphylococcus aureus. 
The patient, a boy, fourteen years of age, was seen five days after onset of pain fol- 
lowing trauma to the knee. His temperature on admission was 103 degrees. The 
knee was maintained in flexion, with acute tenderness over the medial aspect of the joint, 
increase in joint fluid, and distention of the quadriceps pouch and periarticular thicken- 
ing. Roentgenographic examination of the bones showed no pathological changes. 

The white blood count was 8050. On aspiration of the knee, a thick, greenish, purulent 

fluid was obtained, which contained many white blood cells, but smear and culture were 

negative for bacteria. The blood culture on admission was positive for staphylococcus 
aureus. The knee was again aspirated three days later. Culture of this fluid was posi- 
tive for staphylococcus aureus. 

A transfusion of 500 cubic centimeters of blood was given, and sulfanilamide was 
administered, but the septic temperature continued. On the fifth day sulfanilamide was 
discontinued, and sulfapyridine was started, after which the temperature gradually 
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subsided. The joint was aspirated eight times at intervals of from two to three days and 
irrigated with from 500 to 1,000 cubic centimeters of normal saline. Five days after 
sulfapyridine was started, the temperature was normal. 

The patient left the hospital on the twenty-eighth day with full range of motion and 
no tenderness. Follow-up two months later showed normal motion, no periarticular 
changes, and no areas of tenderness.—Frederic W.. Ilfeld, M.D., Los Angeles, California. 


Fraaiuiras OsseumM. BrirrLe BoNEs AND BLUE ScLeRA. HEREDITARY MESENCHYME 
Hypopuasia. B.H. Nichols. Cleveland Clinic Quarterly, VII, 58, Jan. 1940. 
Nichols reports a case presenting a mixed picture of fragilitas osseum, osteitis 

fibrosa cystica, and Paget’s disease. The author believes that this case supports the 

theory that these diseases have a general relative etiology not due to parathyroid disease. 

The patient was a man, thirty-one years of age. He had been a normal child until 
seven and one-half years of age, when the skull became abnormal in shape. There had 
been a series of fractures, beginning at the age of seventeen years and continuing until 
twenty-four years of age. He was poorly developed and had blue sclera. The entire 
cranium was markedly enlarged. There were bony exostoses of the canal of the left ear 
with diminished hearing. The preoperative blood calcium was 9.6 to 13 milligrams; the 
phosphorus was | to 3 milligrams; the phosphatase was five times the normal content. 
At operation one parathyroid gland, two and one-half times the normal size, was re- 
moved; the remaining parathyroids were normal. Histological examination revealed 
normal parathyroid tissue. 

Fourteen months after exploration, the patient reported that he was well, but seven 
months later a large cyst developed in the left femur. The calcium at that time was 9.3 
milligrams and the phosphorus was 2.7 milligrams. The following year exploration of 
the parathyroids again revealed no abnormality. The serum calcium was 9.5 to 12.5 
milligrams; the phosphorus, 2.9 to 3.4 milligrams; the phosphatase, 21.5 to 28.2 milli- 
grams (Bodansky); and the basal metabolism, plus 7. There were cystic areas in both 
iliac bones, in the wings, and in the sacral portions, and large cystic areas were present 
in the ischium and pubes. The patient continued to have painless fractures from slight 
trauma. He died at another hospital, where unfortunately no necropsy was performed. 

—Frederic W. Ilfeld, M.D., Los Angeles, California. 


REGENERATION OF E-pIPHYSEAL CENTERS OF OssIFICATION FOLLOWING DESTRUCTION BY 
PyoGENiIc oR TuBERCULOUS INFECTION: REporT oF Five Cases. Samuel W. 
Banks, William Krigsten, and Edward L. Compere. The Journal of the American 
Medical Association, CXIV, 23, Jan. 6, 1940. 

This article is based on a study of five cases in which regeneration of a completely or 
partially destroyed epiphysis was known to have existed. In four cases the epiphysitis 
was caused by pyogenic organisms and in the fifth, by tuberculosis. 

These cases illustrate the ability of centers of ossification to regenerate after a 
severe infectious process. This capacity depends on the amount of cartilage that re- 
mains. Varying degrees of longitudinal bone growth were observed following an acute, 
infectious epiphysitis, indicating that the epiphyseal plate may remain viable, despite the 
fact that the entire adjacent epiphysis has been destroyed. The youngest patient was 
seventeen days old, and the oldest was seven and one-half years of age.—Henry H. 
Beckering, M.D., Dallas, Texas. 


SyYMPATHICOBLASTOMA. Fremont A. Chandler and John R. Norcross. The Journal of 
the American Medical Association, CXIV, 112, Jan. 13, 1940. 
Tumors of the sympathetic nervous system are probably seen most frequently by the 
neuropathologist and the neurosurgeon. Occasionally the paediatrician, the internist, 
the abdominal surgeon, and the urologist encounter them. They are rarely observed by 
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the orthopaedic surgeon, but must be considered before making the final diagnosis in 
certain lesions of the spine. 

By far the greater majority of the cases of the neoplasm that have been reported 
involve the medullary portion of the adrenal gland. They may occur, however, at 
rarious locations within the body, producing a multiplicity of symptoms. 

“A sympathicoblastoma is a completely undifferentiated malignant tumor which 
takes its origin from embryonal cells of the sympathetic nervous system. The parent 
cell of the sympathetic primordia is the sympathogonia. This is a completely undif- 
ferentiated spherical cell with a densely staining nucleus and little cytoplasm. This 
develops into a larger cell, the sympathoblast, which is polygonal and has a considerable 
amount of cytoplasm in which fibrils may be seen. The cytoplasm of these cells may be 
prolonged into filamentous processes.’”’ The microscopic appearance of these tumors 
depends on the type of cell which predominates. If most of the cells are sympathogonia, 
the tissue has an appearance similar to that of a sarcoma, with masses of densely packed 
round cells containing little cytoplasm. Usually some sympathoblasts are present, and 
one or more rows of these cells may be formed about a central mass of fine fibrils, forming 
the characteristic rosette. 

Four cases seen in children, ranging from eighteen months to nine years, are reported 
In one, the tumor took origin in the spinal canal and migrated through the intervertebral 
foramen into the thoracic cavity. In another, an extradural tumor was found within 
the canal in the upper thoracic region. In a third, a biopsy from cervical glands was 
positive, and roentgenographic examination revealed a mediastinal mass. <A positive 
cervical-gland biopsy in the fourth case was associated with a mass in the abdomen 
just to the left of the spine at the level of the second, third, and fourth lumbar vertebrae. 
All of these children presented neurological symptoms, and death occurred within from 
one to two years.—Herschel Penn, M.D., Knoxville, Tennessee. 


THE DIAGNosis AND TREATMENT OF Suiippep Epripnyses. Ralph K. Ghormley and 

Robert D. Fairchild. The Journal of the American Medical Association, CXIV, 229, 

Jan. 20, 1940. 

In treating slipping upper femoral epiphyses, consideration must be given not only 
to the immediate result—that is, relief from pain and disability and correction of de- 
formity—but also to the ultimate result, which can be estimated only after the patient 
has reached the age of fifty or sixty years. It is the opinion of the authors that, in spite 
of some apparently not too good immediate results from modern methods of treatment, 
on the whole the results in these cases from thirty to forty years hence will justify this 
treatment in most instances. 

A review of the literature relative to the etiology of slipped epiphysis is made, and 
most of the various hypotheses presented can be placed in one of three grades: (1) me- 
chanical or traumatic, (2) infectious, and (3) endocrine. The idea of trauma as the main 
if not the sole cause seems to the authors the most reasonable. With a pre-existing in- 
crease in the inclination of the epiphyseal line and obviously increased rapidity of growth 
at the age of adolescence, a slight or moderately severe trauma may well set up the slip- 
ping process which leads to the condition. 

Diagnosis should be made in the very earliest stage of slipping, called by some the 
“preslip”’ stage, and any adolescent presentiag himself with a slight limp or painful hip 
should be regarded with suspicion and should have careful physical and roentgenographic 
examinations. 

The numerous methods of treatment which have been advocated include manipula- 
tion and cast, traction on a Jones frame, prolonged fixation on a Jones frame, rest, open 
reduction with or without internal fixation, drilling of the head of the femur and epi- 
physeal line, impaction with the Cotton mallet, insertion of a Smith-Petersen nail, 
skeletal traction and plaster boots, manipulation and internal rotation. The authors 
summarize the appropriate treatment in the various stages as follows: 
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Stage 1—Early Slipping: Conservative measures should be used; weight-bearing by 
use of crutches, with or without a walking caliper splint and a high sole on the shoe of the 
sound leg, should be discontinued. 

Stage 2-A—Gradual Slipping: During this stage the epiphysis is not completely 
separated and the displacement cannot be reduced by manipulation without danger of 
damaging the epiphysis, the epiphyseal line, and the circulation in the ligamentum teres. 
Open operation with osteotomy is the treatment of choice. 

Stage 2-B—Acute Slipping Superimposed on Gradual Slipping: Here the head of the 
femur is usually loose and the displacement can be reduced by gentle manipulation, if 
treatment is not delayed too long after the complete separation has taken place. If one 
is not sure whether or not the head is loose, an open reduction to replace the head is better 
than to risk damaging the head by rough manipulation. 

Stage 3—Complete Slipping of Long Standing: Here an open reduction with replace- 
ment of the head of the femur, if possible, is the treatment of choice. If the epiphyseal 
line is closed, osteotomy through the neck to correct the external rotation and shortening 
of the leg is indicated. Adults are best treated by some form of arthrodesis, if pain is a 
prominent symptom, or by acetabuloplasty, if motion is to be preserved. 

A review of the methods of treatment and end results in fifty-five cases seen at The 
Mayo Clinic during the fifteen-year period from January 1, 1922 to December 31, 1936 
is presented.—Herschel Penn, M.D., Knoxville, Tennessee. 


EXPERIENCE WITH CoBRA VENOM IN THE ARTHRALGIAS AND RELATED CONDITIONS. 
Otto Steinbrocker, George C. McEachern, Emanuel P. LaMotta, and Freeman 
Brooks. The Journal of the American Medical Association, CXI1V, 318, Jan. 27, 1940. 
A preliminary report on therapeutic experience with cobra toxin for relief of pain in 

arthritis, neuralgia, and related conditions is presented. 

Intramuscular injections of two cubic centimeters or ten mouse units were given 
daily whenever possible for from five to ten days after an initial injection of one cubic 
centimeter (five mouse units) to ascertain tolerance. When subjective and objective 
improvement or the latter alone persisted during a period of three or four injections, the 
dose was reduced or the interval between injections was gradually lengthened, so that the 
patients received treatments three times, twice, and, finally, once a week. The sites of 
injection were alternated regularly between the deltoid areas and the upper outer gluteal 
quadrants. A control group was made available by the administration of physiological 
solution of sodium chloride in other patients. In some instances venom was substituted 
for saline after several weeks. The good effects of the snake extract were in no instance 
apparent before at least five injections had been administered, and usually from eight to 
ten treatments of the ten-unit doses were required for any benefit to be admitted or 
noticed. In almost every instance the benefit recorded referred to subjective relief. 

Thirty-six control patients suffering arthralgias received injections of saline solution 
from two to five times a week. Seven (19.4 per cent.) showed slight to moderate symp- 
tomatic relief. Twenty-nine (80.6 per cent.) failed to respond. Of sixty-one patients 
treated with cobra venom, thirty-six (59.01 per cent.) were slightly to moderately bene- 
fited, while the condition of twenty-five (40.9 per cent.) was uninfluenced. Of fourteen 
patients with rheumatoid arthritis, nine received the control therapy of saline solution 
without relief; whereas of thirteen who were given cobra injections, eleven appeared to 
have slight to moderate improvement. Of twenty-four patients with osteo-arthritis, 
seventeen were given saline with slight to moderate benefit in four and without effect in 
thirteen. Of twenty-three patients with osteo-arthritis to whom venom was adminis- 
tered, seventeen derived slight to moderate improvement and six obtained no relief. Of 
fourteen patients with fibrositis, five were subjected to control therapy of saline with 
slight benefit in one and no effect in four. Among thirteen patients with fibrositis who 
were injected with tie venom, only two showed slight to moderate improvement, while 
eleven reported that the symptoms were unchanged. There were thirteen patients with 
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neuralgia, of whom five received saline; two showed slight to moderate relief and three 
obtained no benefit. Twelve patients with neuralgic symptoms were given venom; six 
of these reported no effect, and the remaining six showed slight to moderate improvement. 

It is the authors’ opinion that ‘‘as an added comforting measure, to tide patients over 
an intractable period of treatment in acute or chronic arthralgia or neuralgia, cobra 
venom in certain cases appears to offer some supplementary analgesic effect.’’—Herschel 
Penn, M.D., Knoxville, Tennessee. 


CONGENITAL SyPHILITIC SYRINGOMYELIA WITH ARTHROPATHY OF ELBow. Peter G. 
Denker, and Foster Kennedy. The Journal of the American Medical Association, 
CXIV, 408, Feb. 3, 1940. 

The authors report a case of this extremely rare condition in a negro boy, aged 
twelve, who was admitted to the neurological ward, complaining of weakness and numb- 
ness of the right leg. There had been no previous illness. A cast was applied, which 
caused a painless ulcer on the right foot. Repeated soaking of the foot in hot water 
resulted in a severe burn, which refused to heal promptly. A Wassermann test at 
this time revealed a four-plus reaction. Antiluetic treatment was started. A check of 
the family revealed a four-plus reaction to the Wassermann test in the father, one brother, 
and one sister. 

Physical findings were negative except for sensory changes in the right side, consist- 
ing of complete loss of pain and temperature sensations; touch response was unchanged. 
These findings were most marked in two bands,—one from the third cervical to the 
sixth thoracic segments, the other from the fifth lumbar to the fourth sacral segments. A 
lumbar puncture showed pressure of 230 millimeters of water and complete block. 

Injection of iodized oil through cisternal puncture showed arrest of the medium at the 
eighth thoracic and first lumbar vertebrae. 

The patient received intensive antiluetic therapy faithfully for a year and a half, at 
which time he re-entered the hospital because of an atrophy of the right hand and enlarge- 
ment of the right elbow. The elbow showed limited, painless motion, and no crepitation. 
A roentgenogram revealed destructive changes, as well as osteophytic new-growth areas. 
The articular surfaces were destroyed. 

A lumbar puncture showed partial relief from the block. The Wassermann test 
was negative. The clinical impression was congenital syphilis, with pachymeningitis of 
the cord, secondary softening, and syringomyelia, cavity formation in the cervico- 
thoracic and lumbar regions, and arthropathy of the right elbow joint. 

The process had been completely arrested by vigorous antiluetic treatment at the 
time of this report. 

The authors direct the reader’s attention to the facts that in patients with congenital 
syphilis, over two years of age, the percentage of positive Wassermann reactions is about 
29. Few children reach adult life with neurosyphilis. Although congenital syphilis 
responds poorly to antiluetic therapy, neurosyphilitic processes can be arrested by 
intensive therapy.—W.. C. Peterson, M.D., Dallas, Texas. 


PARALYsIS OF THE SERRATUS MaGnus Muscie Causep By Lesions or THE LONG 

Tuoracic Nerve. Darrell O. Overpeck and Ralph K. Ghormley. The Journal of 

the American Medical Association, CXIV, 1994, May 18, 1940. 

Twenty-eight cases of paralysis of the serratus magnus muscle or of the long tho- 
racic nerve are reported in this article. Trauma was the chief causative agent in this 
rather rare form of paralysis, of which the acute, the recurrent irritative, and the con- 
tributive are the various types. The symptoms of paralysis are pain in the region of the 
nerve, fatigue of or inability to elevate the arm, and the winging of the scapula. The 
function of the muscle is mainly to aid in fixing the scapula to the thorax when the arm is 
elevated anteriorly, and to rotate the scapula in abduction and forward elevation of the 
arm. 
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Treatment may be conservative or operative; the group treated by operative meth- 
ods showed the poorest results. Bracing or splinting the arm and scapula with the 
serratus magnus at rest gives the best results when combined with physiotherapy. The 
prognosis for restoration of function is good in the majority of instances of the condition. 

—Henry H. Beckering, M.D., St. Louis, Missouri. 


Tue DiaGNosis or Nevropatuic Joint Disease (CuHarcot Jornt). Ralph Soto-Hall 
and Keene O. Haldeman. The Journal of the American Medical Association, CXIV, 
2076, May 25, 1940. 

The usually accepted theory of pathogenesis attributes the development of the 
Charcot joint to the effect of a single injury or repeated injuries on an articulation which 
has lost its sensibility to pain. Underlying conditions may be tabes dorsalis, syringo- 
myelia, injuries to the spinal cord, or leprosy. The characteristics, in the usual order of 
appearance, are: an enlargement of the joint from an effusion; a relaxation of its liga- 
ments, leading to instability and deformity on weight-bearing; thinning of the articular 
cartilages; marginal fractures; sclerosis of subchondral bone in some areas and atrophy in 
other regions; loose bodies in the joint; and the formation of new bone outside the joint 
cavity. The most striking clinical observation is the absence of pain in the presence of 
such advanced pathological processes. Rigid pupils and absence of knee jerks are of 
greater importance in diagnosis than serological tests. 

Of forty cases analyzed, sixteen demonstrated bilateral involvements. The average 
age at onset of symptoms was between forty-five and fifty years. The influence of 
trauma on the development of the arthropathy is seen in the ratio between the number 
of cases involving the lower extremities (fifty) and the number involving the upper ex- 
tremities (seven). In eighteen cases the symptoms followed a severe injury. Bae- 
teriological study of synovial fluid is indicated before surgery, since in cases showing posi- 
tive cultures failure of fusion resulted.—Herschel Penn, M.D., Knoxville, Tennessee. 


TREATMENT OF MuscuLarR DysTROPHIES AND ALLIED ConpITIONS. PRELIMINARY RE- 

PORT ON Use oF ViTrAMIN E (WueEat Germ O1L). Simon Stone. The Journal 

of the American Medical Association, CXIV, 2187, June 1, 1940. 

Stone reports the results of vitamin-E therapy in a group of seven cases (five of 
muscular dystrophy, one of muscle atrophy following anterior poliomyelitis, and one of 
muscle atrophy following multiple neuritis) treated in the Crippled Children’s Clinics of 
the State of New Hampshire. The duration of treatment and observation ranged from 
eight to eighteen months. At present the wheat-germ oil is administered in a mixture 
with liquid vitamin-B complex. Each gram of the oil is standardized to contain two 
Evans Burr units of vitamin E and the usual dose is four cubic centimeters from three 
to four times daily of one to seven parts suspension of wheat-germ oil in vitamin-B 
mixture. 

Definite improvement was obtained in all the cases of dystrophy as evidenced by 
gain in muscle strength and displacement of dystrophic musculature by normally con- 
tracting muscle tissue. 

In the cases of muscle atrophy following involvement of the nervous system, increase 
in amount of regeneration of muscle tissue became apparent after the addition of vitamin 
E to the vitamin-B complex the patients were receiving. 

The addition of vitamin-B complex to vitamin E appeared to increase the thera- 
peutic efficaciousness of the latter.—Brandon Carrell, M.D., Dallas, Texas. 


PHALANGIZATION OF THE First MrTracaRPAL AND ANATOMICAL REASONS FOR THE 
AvutHor’s Metuop. B. A. Shirokov. Khirurgiya, No. 7, 115, 1939. 
Recognizing the usual difficulties which follow operations to mobilize the first 
metacarpal for substitution of a lost thumb, the author describes his method which is a 
modification of Albrecht’s operation. 
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The author’s operation is devised to increase the depth of the intermetacarpal space 
between the first and second metacarpals, to increase the distance between the heads of 
the first and second metacarpal, and to increase the mobility of the newly created thumb 
substitute. 

The operation consists in the excision of the abductor pollicis brevis, opponens, and 
superficial head of the flexor pollicis brevis, as well as the transverse head of the adductor 
and the first dorsal interosseous. The proximal end of the pollicis longus is transplanted 
to the ulnar side of the head of the first metacarpal, or, in case of absence of the head, into 
the ulnar sesamoid. The redundant skin is removed and a plastic restitution of the re- 
maining skin is performed to cover the mobilized first metacarpal.—Emanuel B. Kaplan, 
M.D., New York, N.Y. 


ANAEROBIC INFECTIONS IN THE WOUNDED DURING THE BATTLES AROUND LAKE KHASAN. 

M. Akhoutine. Ahirurgiya, No. 9, 3, 1939. 

The battles of Lake Khasan took place in a swampy region, where there are no 
gardens or fertilized fields; where the population is very thin and there is no pollution; 
and where the soil could be called virgin. In spite of these facts, the anaerobic infection 
appeared from the first days of action. There were two periods of military activity. 
In the first, due to military circumstances, the wounded were removed with a delay of 
two to three days; these men showed an incidence of infection of 75 per cent. In the 
second period, the wounded were brought in within three to six hours after injury, 
and were submitted immediately to operative treatment, and, in certain instances, to 
injections of prophylactic gas-bacillus serum. Among the few cases, where the prophy- 
lactic serum was injected, the author observed rare cases of typical gas-bacillus infection. 
The author admits, however, that the number of patients treated by prophylactic serum 
is so small that no positive statements could be made on this point. His personal impres- 
sion is that the basic prophylactic management of gas bacillus is a prompt and technically 
correct, primary surgical treatment of the wound. The author notes that of all the 
wounded, gas bacillus developed in about 80 per cent. of those with wounds of the 
lower extremity. It was absent in wounds of the head, face, and chest. It was most 
frequently observed in the explosive type of wounds. The incubation period was very 
short, eight to eighteen hours, mortality 16 per cent. The curative effect of the gas- 
bacillus serum was very insignificant, the surgical and general treatment proving of 
greater importance. 

Remarkable results were obtained in the prevention of tetanus infections. There 
was not a single case of tetanus. This was due to the prophylactic injections of tetanus 
antitoxin, which were given to the army in the fall of 1937 and the spring of 1938. 

Emanuel B. Kaplan, M.D., New York, N. Y. 


CONTRIBUTION TO THE PROBLEM OF THE BIOLOGICAL TREATMENT OF FracturREs. 8. I. 

Rizvach. Khirurgiya, No. 10, 96, 1939. 

The author studied the healing of fractures treated by injections of a suspension of 
bone marrow into the site of the fracture. The bone marrow was obtained under 
aseptic conditions from the lower extremities of rabbits and from the long bones of freshly 
killed calves. The bone marrow was triturated with physiological salt solution with 
the addition of .25 per cent. of phenol. The suspension was injected into the site of 
experimentally produced closed and open fractures of the lower extremities of rabbits. 
The rabbits were divided into two groups. One group received the rabbit bone-marrow 
suspension, the other, the calf bone-marrow suspension. In each group several animals 
were left as controls with immobilization only, and several were treated by injections of 
physiological salt solution. Several roentgenographic examinations amplified by histo- 
logical investigations proved to the author that the bone-marrow suspension produces a 
marked multiplication of bone cells and acts as a powerful specific agent inducing a speed- 
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ing up of callus formation with increased density and size of the callus.—Emanuel B. 
Kaplan, M.D., New York, N. Y. 


CONTRIBUTION TO THE PROBLEM OF TREATMENT OF FRACTURES OF THE Femur. J. M. 


Bass. Khirurgiya, No. 11, 121, 1939. 

The material on which the report is based consists of sixty cases of closed fractures of 
the femur treated in one institution for a period of seven years. The author comes to 
the following conclusions: The treatment must follow the functional method, using skele- 
tal traction for twenty to twenty-five days as a minimum. In old people fractures with 
joint involvement should be treated by skeletal traction followed by skin traction. Indi- 
cations for osteosynthesis should be strictly analyzed, and osteosynthesis should be 
avoided as much as possible. In cases of recent malunion with six to eight centimeters of 
shortening (not older than six months) a closed refracture followed by traction may be 


substituted for the traumatic and rather dangerous operation of osteosynthesis.— 
Emanuel B. Kaplan, M.D., New York, N. Y. 


CLINICAL OBSERVATIONS ON FILLING INFECTED Bone Cavities witH GLUTIN (CAR- 

PENTERS’ Bone Give). L. Shkolnikov. Khirurgiya, No. 12, 92, 1939. 

The treatment of bone cavities is difficult. The rigid walls of the bone have no 
tendency to contract as do the soft tissue cavities. The filling of the bone cavities is, 
therefore, important. The author reviews the various substances proposed for this 
procedure, and critically analyzes the disadvantages connected with their use. The 
author indicates the important factors to be considered in the choice of an adequate ma- 
terial as follows: good plasticity, good resorptive properties, ability to stimulate regenera- 
tion of surrounding tissues, absence of toxicity, biological nearness to the tissues of the 
recipient, absence of marked irritability to surrounding tissues, ease of sterilization, and 
availability of an inexpensive product. 

Although no ideal substance could be proposed, the best material for filling was 
found to be bone glutin (carpenters’ glue). 

Successful preliminary animal experimentations were performed, and then this 
substance was used in twenty-six clinical cases, of which eighteen cases were chronic 
osteomyelitis and eight Brodie’s abscess. The operation consisted in saucerization, and 
filling of the cavity with 33 per cent. of bone glutin, followed by suture of the wound 
and application of plaster-of-Paris immobilization. 

The author claims primary union of bone in seventeen cases, and a much shortened 
period of hospitalization Emanuel B. Kaplan, M.D., New York, N. Y. 


FRACTURES OF NECK OF THE FEMUR AND CONVULSION THERAPY. William Gissane, 

Donald Blair, and B. K. Rank. The Lancet, I, 450, March 9, 1940. 

The authors point out that although much has been written about fractures of the 
vertebral bodies in treatment with cardiazol (convulsion therapy), little attention has 
been paid to injuries in and around the hip joint. They found thirty reported cases of 
fracture of the neck of the femur in patients treated with convulsion therapy, in seven of 
which the fractures were bilateral. They report four cases, and advance the theory that 
fracture of the neck of the femur happens almost exclusively in bone that is atrophied 
from disuse or age. The average age of their four schizophrenic patients who sustained 
such fractures was forty-one. All had had prolonged institutional treatment for mental 
diseases,—nineteen, twenty-one, three, and three and one-half years respectively. They 
conclude: (1) Convulsion therapy should not be used in elderly patients, or in those who 
have had prolonged periods of inactivity; (2) After convulsion therapy the skeletal 
system should be examined as a routine, and roentgenographic examinations made if in- 
dicated; (3) Once a fracture has been diagnosed, the usual treatment for such fractures 
should be given.—Lenox D. Baker, Durham, North Carolina. 
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Traumatic BackacHE. Norman Little. The Medical Journal of Australia, II, 755, 

1939. 

Traumatic backache in patients is a constant worry to the average physician, be- 
cause, in the majority of cases, the examiner is unable to find any external evidence of 
the condition. Following injury, the patient generally assumes a position of slight flexion 
of the lumbar spine with some rotation. A few days later he usually states that pain 
develops if he remains in one position for any length of time, but is relieved upon his 
changing position. 

In addition to performing the usual back examination, the author emphasizes the 
head-flexion test, the knee-flexion test, and Gaenslen’s test. The head-flexion test is done 
with the patient lying supine; the examiner places one hand beneath the occiput and lifts 
the patient’s head, so that the chin approximates the sternum. The patient is completely 
relaxed, as the motion is entirely passive. If there is any bone lesion above the level of 
the sacrum, the patient will feel localized pain. The knee-flexion test is done with the 
patient prone and the leg flexed on the thigh. This test determines the genuineness of 
the symptoms, as rarely is this test negative if actual back injury is present. 

Treatment in most cases consists simply in spinal manipulation under anaesthesia. 
The average disability in a series of 200 patients treated by manipulation was between 
four and five days. Before this method of treatment was instituted, the average period 
of disability was slightly over five weeks. In some cases support is given by appropriate 
adhesive strapping of the low back. 

The author has appended a series of fourteen spinal manipulations by which he 
routinely treats low-back pain due to trauma.—Harold M. Childress, M.D., Jamestown, 


New York. 


Some OsBsERVATIONS ON Sciatica. Norman Little. The Medical Journal of Australia, 


IT, 901, 1939. 

Primary sciatica, in contrast to secondary sciatica, has a sudden onset of pain with 
paralysis occurring at the same time or shortly afterward. Local treatment consists in 
appropriate splinting and heat to the affected areas. Great relief from pain may be 
obtained from epidural injection of sixty cubic centimeters of 1-per-cent. novocain solu- 
In late cases the nerve should be stretched with the patient 


tion into the sacral canal. 
One should wait at least three months after an acute attack 


under general anaesthesia. 
before manipulating, in order to avoid the formation of adhesions. 

In treating secondary sciatica, many factors are involved. 
without knowing the actual etiology, treats and relieves the patient. 
fies the etiological factors as static, arthritic, traumatic, osseous, nervous, and pelvic. 
If roentgenograms reveal no bone pathology, conservative treatment is employed first. 
This consists in removing foci of infection, correcting static errors, manipulating the 
spine as indicated, and administering massive doses of vitamin B;. A plaster jacket is 
used, if complete rest of the low-back muscles is desired. 

If arthritis is present and progressive immobilization is essential, in traumatic cases 
dramatic results may be obtained from manipulations without anaesthesia.—Harold M. 
Childress, M.D., Jamestown, New York. 


Often the physician, 
The author classi- 


THE PROBLEM OF THE Foor with SpeciAL REFERENCE TO THE CARE OF THE SOLDIER'S 
Foor. S. Watson Smith. Medical Press and Circular, CCI, 410, Nov. 15, 1939. 
The author discusses several of the more common pathological factors contributing 

to foot pain. He notes that 90 per cent. of the soldiers in the Great War were 

partially flatfooted. 
He emphasizes that the following things are important in foot care for a soldier: 

The shoe should be large enough to allow proper broadening of the foot. A rubber heel 

should be on the shoe. The toenails should have adequate care and an antiseptic 
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powder should be sprinkled in the shoe. Hardening a soldier’s foot may be done by a 
salve containing one drachm of formalin to the ounce of vaseline. Frequent change of 
socks is likewise a necessity. Adherence to these rules of foot care will increase the 
military efficiency of the army.—Herbert E. Hipps, M.D., Marlin, Texas. 


LipiopoL versus AIR As AN Alp IN DIAGNOsIsS OF PROTRUSION OF INTERVERTEBRAL 

Disc. 8S. N. Berens. Northwest Medicine, XX XIX, 160, May 1940. 

The use of lipiodol in intraspinal injection has the advantage of rendering greater 
clearness of detail in the roentgenograms, but can be used only when operation is impend- 
ing, as it must be fully removed as soon as possible. Gases may be used in making a diag- 
nosis of hernia of the nucleus pulposus, or protrusion of the intervertebral discs. In such 
cases, overexposure at a rapid speed must be employed, or the use of a rotating anode tube 
at 300 milliamperes for one-half second. The author believes that oxygen intraspinal 
injection is best for diagnostic purposes.—Charles Lyle Hawk, M.D., Los Angeles, Cali- 
fornia. 


VITALLIUM IN INTERNAL FIxatTION IN Bone Surcery. J. Irving Tuell. Northwest 

Medicine, XX XIX, 163, May 1940. 

The author finds that the use of this alloy, which consists of 65 per cent. cobalt, 
30 per cent. chromium and 5 per cent. molybdenum, in plates, screws, etc., does 
not cause any irritation or absorption of bone; and may be left in indefinitely. 
There are no contra-indications to its use in recent or old ununited fractures, and he il- 
lustrates cases where reconstruction of malformations of old ununited fractures have 
yielded very good results through the use of vitallium plates.—Charles Lyle Hawk, M.D., 
Los Angeles, California. 


DIAGNOsIs AND TREATMENT OF AcuTE OsTEOMYELITIS. John F. LeCocq, Northwest 

Medicine, XX XIX, 171, May 1940. 

In his discussion the author emphasizes the tendency of the bacteria to lodge in the 
venous channels next the epiphyseal lines, where the phagocytosis is least active. He 
has found that the use of neoarsphenamine is excellent in combatting the staphylococcic 
septicaemia. His dosage is the equivalent of 0.45 grams for the average adult. He sug- 
gests also the use of sulfamethylthiazol as being very promising.—Charles Lyle Hawk, 
M.D., Los Angeles, California. 


LES MALADIES DES LIGATURES. MOYENS DE LES PREVENIR ET DE LES TRAITER (Affec- 
tions following Ligature, with Methods of Prevention and Treatment). René 
Leriche. La Presse Médicale, XLVIII, 41, Jan. 16, 1940. 

In a truly stimulating article, Leriche calls attention to the effects of ligature of the 
larger arterial trunks. These effects are accomplished, not only through a mechanical 
shutting off of the blood stream, but, in large additional measure, by the action of a 
vasoconstricting reflex. 

The anatomical basis for the action is found in the disposition of the sympathetic 
nerves lying in the arterial wall and particularly about the site of origin of collateral ar- 
teries. As early as 1917 Leriche showed that where an artery was ligated or thrombosed 
and where, in consequence, the extremity was cold and cyanotic, resection of the oblit- 
erated segment sufficed to bring about restoration of circulation. In Leriche’s opinion 
this was accomplished by release of the vasomotor spasm and a dilatation of the collateral 
arterial branches. He has been able to show that where all the collaterals have not been 
destroyed, this was brought about by a reversal of blood flow in those collaterals which 
arise distal to the site of the arterial section. 

Many of these collaterals constitute the muscular branches of distribution of the 
larger artery. Leriche calls attention to the fact that in debriding lacerated wounds, the 
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problem consists in estimating just how much to resect in order to prevent infection and 
how much to spare in order to avoid gangrene. Provided sufficient collaterals remain, 
their function can be preserved by release of the sympathetic spasm. This can be 
brought about by section of the ligatured vessel, by periarterial sympathectomy, by re- 
section of the sympathetic ganglia, or by novocain infiltration of the main sympathetic 
ganglia. This novocainization must be repeated as often as necessary, until the col- 
lateral circulation is reestablished. 

However, even though gangrene may be avoided by these means, and circulation 
sufficient to maintain nutrition of the resting tissue be obtained, the blood supply may 
not be adequate for muscular action. In such cases, gradual sclerosis of the tissues may 
occur, even long after the immediate vascular accident. Intermittent claudication, 
cyanosis of the limbs, trophic changes, and even muscular weakness and imbalance, are, 
in Leriche’s opinion, the consequence of the disturbed vasomotor control, following the 
original ligation. Theoretically, ideal treatment would involve suture of the injured 
vessel. Since this is unsuccessful in a majority of cases, ligation must be performed, pro- 
vided the means previously mentioned are employed as a prophylaxis against the ill ef- 
fects of the sympathetic vasoconstrictor reflex.—Henry Milch, M.D., New York, N. Y. 


LES ARTHRITES DES FILARIOSES (Filarial Arthritis). L. Déjou. La Presse Médicale, 

XLVIII, 203, Feb. 14, 1940. 

Filarial arthritis occurs in two forms: dracunculosis and onchocercosis. The clinical 
picture of each of these infestations is clearly described. Each is due to a specific filaria, 
which can be recovered from the aspirated synovial fluid. In the aseptic cases of dra- 
cunculosis, these arthritides are painless, and bacteriological examination of the fluid is 
the only means of diagnosis. In the cases of onchocercosis, the clinical picture is usually 
more acute. 

Unless secondary pyogenic infection takes place, the prognosis is usually good. The 
treatment consists in repeated aspirations. Where septic infection occurs, the treatment 
is similar to that for ordinary septic arthritis —Henry Milch, M.D., New York, N. Y. 


REFLEXIONS PREPARATOIRES A DES RECHERCHES EXPERIMENTALES SUR LE ROLE DU 
SYMPATHIQUE EN PATHOLOGIE ARTICULAIRE (The Rdle of the Sympathetics in 
Articular Pathology). S. de Séze, G. Guiot, and J. Serane. La Presse Médicale, 
XLVIII, 233, Feb. 28, 1940. 

The authors subjected the splanchnic nerve to faradization. They observed that 
weak currents applied for a short time resulted in a mild endothelial swelling, hyperplasia 
of the reticulo-endothelial cells, and multiplication of fibrocytes. A more intense elec- 
tric current led to a more marked vascular congestion and small petechial hemorrhages. 
Strong currents, applied for a longer time, produced oedema, congestion, hemorrhages 
and, microscopically, necrotic changes in lymphoid structures and the vessel walls. 

Attention is called to the fact that these are the changes noted in connective tissues 
and characterize the pathological changes found in Still-Chauffard disease, the spleno- 
megalic arthropathies, and in the joint manifestations of patients showing anaphylactic 
shock. The authors suggest that these, too, represent the effect of stimulation of the 
sympathetic nervous system. They are of the opinion that the joint is a connective- 
tissue space and that the signs of joint dysfunction are to be considered as due to a dis- 
turbance of the dyramic and trophic influence of the sympathetic nerves upon the re- 
ticulo-endothelial tissue of the joint.—Henry Milch, M.D., New York, N. Y. 


SOBRE AS ANOMALIAS E LESOES DOS SESAMOIDES DO GRANDE ARTELHO (On the Anomalies 
and Lesions of the Sesamoids of the Big Toe). Achilles de Araujo. Revista Bra- 
sileira de Orthopedia e Traumatologia, 1, 203, Mar. 1940. 

The author made an extensive study of the problem. The knowledge of lesions of 
the sesamoids dates from the discovery of roentgenography. In the pre-roentgeno- 
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graphic era various fantastic and mystic properties were ascribed to the sesamoids. The 
bibliography concerning the sesamoids, at present considerable, began to grow only since 
the time of Stieda. The author cites various statistical data concerning the incidence of 
sesamoid anomalies. In his own series of 296 roentgenograms, the incidence of anomalies 
is 4 per cent. A classification of the anomalies is given. In order of frequency seven 
types are described. Attention is called to the difficulties of differential diagnosis of 
various lesions of the sesamoids in comparison with sesamoid anomalies accompanied by 
pain in the metatarsophalangeal region of the big toe. A general survey of literature in- 
dicates that fractures of the sesamoids are very rare. In his own series of fractures and 
luxations, the author had seven cases; of these six were confined to the medial sesamoid 
(five affecting this sesamoid only and one associated with a fracture of the lateral sesa- 
moid), and one was an isolated fracture of the lateral sesamoid. The right foot was more 
frequently involved than the left. The age ranges between 20 and 30 years. Direct 
injury is responsible for the fracture in eighty per cent. of cases. The indirect mechan- 
ism is hyperextension of the big toe with unopposed and rapid contraction of the short 
flexor, abductor and adductor of the toe, and is similar to the mechanism of fracture of 
the patella. The treatment is mostly conservative. In cases of protracted pain, ex- 
tirpation of the sesamoid is indicated. In the author’s series two cases were operated 
upon by this method and gave unexpected and early relief of pain. The author calls at- 
tention to medicolegal difficulties frequently presented in connection with affections of 
the sesamoids.— Emanuel B. Kaplan, M.D., New York, N. Y. 


OSTEOPETROSIS EN EL TERRITORIO DE LA Pampa (Osteosclerosis in the Pampa Territory). 
N. Capizzano, J. Valotta y F. R. Megy. La Revista de Medicina y Ciencias A fines, 
Jan. 30, 1940. 

This is a very interesting paper on the subject of osteosclerosis due to the ingestion 
of fluorine, which has a rather high incidence in several areas in central Argentina. The 
flourine content of the water which produces the disease is usually 1.50 milligrams per 
thousand. The percentage of the population showing symptoms of the disease is approx- 
imately 9.09 in the areas described. The authors report some experimental work 
in which rabbits were given flourine salt over a considerable period of time. The 
animals showed a generalized weakness and wasting associated with changes in the bones, 
teeth, endocrine glands, and particularly in the blood. The giving of larger doses ex- 
perimentally produced acute symptoms which were much more severe than those usually 
seen clinically. The clinical picture, which varies according to the amount ingested 
and the stage of the disease, is described in detail. There can be a good deal of bone 
change with little or no clinical manifestations. The symptoms of chronic flourine in- 
toxication include generalized wasting and loss of weight, aching pains in the bones and 
joints, and particularly the marked changes in the teeth which are more familiar. In the 
article a large number of roentgenograms are reproduced which show very marked osteo- 
sclerosis. This process is particularly marked in the pelvis, spine, and ribs. There is 
little change in the long bones, but the upper half of the femur often shows the osteoscle- 
rosis to a marked extent. The authors call attention to the fact that, in a usual clinical 
case, such a marked osteosclerosis as is shown in their roentgenograms is the result of 
many years’ duration of the disease.—Louis W. Breck, M.D., El Paso, Texas. 


LA DEVIATION CONGENITALE DES DOIGTS “EN COUP DE VENT”’ [Congenital Deviation of 
the Fingers “‘en coup de vent” (as if produced by a gust of wind)]. M. Boppe and 
P. Faugeron. Revue d’Orthopédie et de Chirurgie de l Appareil Moteur, X XVI, 547, 
Sept. 1939. 
A case of a rare congenital deviation of the fingers is reported. The four fingers 
of each hand are deviated toward the ulnar side of the hand. They are flexed at the 
metacarpophalangeal joints and extended at the distal and proximal interphalangeal 
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joints. This type is found very seldom as a congenital deformity and has been reported 
by only four other authors since it was first described by Boix in 1897. A description of 
the hypotheses of deviation is given. The authors attempted to correct the deformity 
by severing the collateral ligaments of the metacarpophalangeal joints and performing a 
capsulotomy of these joints, and by additional cutting of the palmar aponeurosis and the 
interossei. Although the immediate result was satisfactory, the ultimate outcome was 
considered a failure. The authors conclude that the results of operative intervention are 
very instructive, as they show that in older patients the process involves all the soft 
structures, as well as the bones and joints of the hand, making surgical intervention use- 
less. However, in very young children, the process involves only the soft tissues of the 
hand and the reconstruction of a more normal hand may result from operation on the soft 
tissue.—Emanuel B, Kaplan, M.D., New York, N.Y. 


LA SYNOSTOSE VERTEBRALE POSTTETANIQUE CHEZ L’ADULTE (Posttetanic Vertebral 
Synosteosis in the Adult). V.Climesco, P. Sarbu, and St. Roman. Revue d'Ortho- 
pédie et de Chirurgie de l’ Appareil Moteur, XX V1, 558, Sept. 1939. 

A ease of severe dorsolumbar kyphosis which followed an attack of tetanus is de- 
scribed by the authors. The case is unique in that a complete synosteosis of the anterior 
parts of the bodies of the ninth, tenth, eleventh, and twelth vertebrae was found. A re- 
view of literature is given and several explanations of the production of this pathological 
entity are cited. The authors consider that in their case the synosteosis of the vertebrae 
was the result of a mechanical action produced by tetanic contractures which induced a 
partial atrophy of the intervertebral dises and a subsequent fusion of the segments of the 
vertebral bodies which were in direct contact. The action of the toxins, either direct or 
indirect, is considered of secondary importance.—Emanuel B. Kaplan, M.D., New York, 


LA SCIATIQUE DITE BANALE, ESSENTIELLE OU RHUMATISMALE ET LE DISQUE LOMBO-SACRE 
(Sciatica, True or Arthritic, and the Lumbosacral Disc). 8. de Séze. Revue du 
Rhumatisme, VI, 986, 1939. 

De Séze reviews the various theories of essential sciatica: arthritis, injury to the 
sacro-iliac joint, changes in the posterior intervertebral articulation, injury with displace- 
ment of the intervertebral disc. The thesis is well defended that essential sciatica is 
commonly the result of a posterior displacement of the contents of the intervertebral 
dises, particularly those between the fourth and fifth lumbar vertebrae and at the lumbo- 
sacral joint. He shows first by anatomical data that this lesion can cause sciatica. This 
type of lesion can explain the usual history of the development of sciatica. It can ac- 
count for all of the symptoms observed. The roentgenographic facts, usually with nega- 
tive findings in the bones, fit this explanation of sciatica. Laboratory data obtained by 
lumbar puncture suggests a lesion of this type. This theory permits an explanation of 
the diverse evolution of sciatica. The lesion can be demonstrated at operation and cure 
follows the removal of pressure upon the nerve roots. No case reports of clinical data 
are given.—John G. Kuhns, M.D., Boston, Massachusetts. 


CARENCE ALIMENTAIRS ET RHUMATISME CHRONIQUE (Dietary Deficiency and Chronic 
Rheumatism). Georges Mouriquand. Revue du Rhumatisme, VII, 107, 1940. 
Mouriquand reports studies upon the relation of lack of vitamin C to chronic arthritis, 

which he has been pursuing since 1914. He differentiates between an acute lack of vita- 

min C and a chronic lack. These observations are made of the results of a chronic lack 
of vitamin C: After the acute state is past, if the patient lives, there is a gradual mobiliza- 
tion and deposition of calcium to the periphery of the bone and to the periosteal tissues 

(a condition called by Leriche and Policard a peripheralization of caleium). After 150 


VOL, XXII, NO. 3, JULY 1940 


790 CURRENT LITERATURE 


to 200 days the condition seems to remain stationary. Decalcification takes place at 
the same time in certain parts of the bone, particularly the femoral head. During this 
time there are no physical signs or symptoms. After about 200 days osteophytes can be 
seen in roentgenograms which the author considers periosteal lesions. In the more pro- 
nounced changes there was no evidence of repair following the giving of vitamins.—/John 
G. Kuhns, M.D., Boston, Massachusetts. 


FRACTURES AND NECROSIS OF THE SEMILUNAR BONE AND THEIR IMPORTANCE IN IN- 
SURANCE Practice. Miroslav Jaro’. Slovansky Sbornik Ortopedicky, XIV, No. 3, 
1939. 

The series reported by the author embraces seven fractures of the semilunar, 
twenty cases of semilunar necrosis, and two cases of Kéhler’s disease of the semilunar 
bone. The primary bone necrosis is due to causes in the form of lesser or greater in- 
juries to the trabeculae and the trabecular vessels. This idea is confirmed by the 
typical localization of the primary necrosis in places corresponding to the mechanical 
stresses. The author points to the lunatum necrosis which comes from working with 
compressed-air tools and also indicates that the general disposition, constitution, and 
avitaminosis, play a réle in this condition. It is necessary to distinguish between semi- 
lunar bone fractures and semilunar necrosis. The latter often shows no symptoms and 
remains latent, but occasionally it becomes activated. In men who work with com- 
pressed-air tools the semilunar necrosis is an occupational condition with a functional 
loss of ten to twenty per cent. or even as high as thirty per cent.—A. Steindler, M.D., 
Towa City, Towa. 


PARATHYROID OstEeosis. ReEpoRT OF A SEVERE CASE WITH SUCCESSFUL REMOVAL OF A 
LARGE PARATHYROID Tumor. James Vance, Jacob Rodge, and Louis W. Breck. 
Southern Medical Journal, XX XIII, 128, Feb. 1940. 

Classification, pathology, symptoms, and treatment of parathyroid osteosis are 
discussed. There is a case report of a woman forty-seven years of age with a large 
parathyroid tumor. There were marked bone changes in both hips, and both femora 
were fractured. A large tumor one and one-half by one and one-fourth by one and 
one-fourth inches was removed successfully. Tetany developed. Large doses of 
intravenous calcium gluconate were given, and parathyroid hormone. After five 
months, fractures were uniting and bones recalcifying.—Fred G. Hodgson, M.D., Atlanta, 


Georgia. 


A Srupy or Acute Inrectious LESIONS OF THE INTERVERTEBRAL Disks. Ralph K. 
Ghormley, William H. Bickel, and Douglas D. Dickson. Southern Medical Journal, 
XXXII, 347, Apr. 1940. 

Cases have been reported following typhoid fever, streptococcus viridans blood- 
stream infections, osteomyelitis, pyogenic infections, and trauma. Symptoms: Fever 
may or may not be noted; pain in the spine; limitation of motion; and muscle spasm. 

X-ray findings may be negative in the early stages, but later there is a narrowing of 
the intervertebral space, later proliferation of new bone along the margins of the verte- 
brae, and finally bone fusion may result. Brucella infections may cause a similar 
condition. Prognosis is usually good, but some mild symptoms may persist for a 
long time. 

Treatment of the general condition is required, plus a close-fitting plaster jacket in 
mild hyperextension. This may be followed by a back brace or corset until the symp- 
toms subside. Spinal fusion is seldom indicated.—Fred G. Hodgson, M.D., Atlanta, 
Georgia, 
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INJURIES ABOUT THE CARPOMETACARPAL JOINT OF THE THUMB. Ben L. Schoolfield. 

Southern Medical Journal, XX XIII, 354. Apr. 1940. 

Posterior dislocation of this joint occurs after blows with the fist and such rough 
games as football and basketball. Persistent relaxation of the joint with pain and 
disability may result. 

Adequate and early immobilization in a cast is advised. For cases in which disabil- 
ity persists a surgical operation for shortening the dorsal ligament is described and il- 
lustrated.—Fred G. Hodgson, M.D., Atlanta, Georgia. 


Tue Locat IMPLANTATION OF SULFANILAMIDE IN Compounp Fractures. J. Albert 
Key and Thomas H. Burford—sSouthern Medical Journal, XX XIII, 449, May 1940. 
Various authors have reported the fact that sulfanilamide crystals placed in the 

wound of a compound fracture after débridement has greatly reduced the percentage of 

infections. The authors decided to see if the method of treatment delayed the healing 
of fractures in experimental animals. Fifteen rabbits were used. Symmetrical frac- 
tures were produced in both forelegs. The fractures in the right legs were packed with 
crystals of sulfanilamide, those in the left were not. The time of union, X-ray appear- 
ance, and microscopic sections showed that the sulfanilamide did not have any bad 
effects. Similar experiments were carried on in twelve fractures in dogs. Conclusions 
were that local implantation of sulfanilamide crystals in compound fractures not only 
tends to lessen the danger of infection, but does not perceptibly interfere with union of 
the soft parts of the bone. The wound must be cleaned and débrided in the usual care- 
ful way, preferably within twelve hours of the injury. The wound is then sprinkled 
with the crystals and closed. Of course the fracture is reduced and fixation maintained. 

If there is a large wound that cannot be closed the treatment is the same except that the 

open wound is covered with vaseline gauze and a plaster cast applied. This method has 

not been used in clean surgical operations, but if there is any reason to expect a possible 
contamination of the wound it would probably be good treatment to use the sulfanil- 
amide crystals.—Fred G. Hodgson, M.D., Atlanta, Georgia. 


THe Use oF THE WELL-LEG SPLINT IN TREATMENT OF INTERTROCHANTERIC FRACTURES 
OF THE Femur. W. C. Hunsucker and Douglas Jennings. Southern Medicine and 
Surgery, CII, 239, May 1940. 

In the experience of the authors in a small community hospital, intertrochanteric 
fractures are eight times more common than intracapsular fractures. 

The similarity of these fractures to the latter group in age, production of shock, and 
necessity for treatment are discussed. The various methods of treatment are described, 
and a description and discussion of the well-leg traction device is given. The dangers to 
note, and the postreduction care necessary in the patient’s immediate recovery period, 
are discussed. 

No ill effects were noted from immobilization of knee and ankle on either side. The 
patients may usually have the splint and plaster removed in eight weeks and by the end 
of the twelfth week may be allowed crutches. Normal walking is allowed by the six- 
teenth week. 

In three years sixteen patients were treated by this method with uniformly good 
results.—Herbert E. Hipps, M.D., Marlin, Texas. 


REHABILITATION OF CONGENITAL Spastic PaRAtysis (Lirr.te’s Disease). Wilfred 
C. Curphey. Southwestern Medicine, XXIV, 94, Mar. 1940. 
Cerebral palsy is defined as an upper-motor-neuron lesion, affecting the cerebral 
motor centers, due to injury or disease. The classification of Phelps is quoted, and an 
explanation of the patient’s behavior mechanism is made. It is estimated that there 
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are from forty to fifty spastics per 100,000 population. Seventy per cent. of these can be 
improved; 7 or 8 per cent. can be benefited by surgery; while 20 per cent. can be re- 
habilitated to occupy relatively normal places in the world. Less than 25 per cent. are 
mentally deficient. Pusitz estimates that from 25 to 50 per cent. are of average intelli- 
gence, from 5 to 10 per cent. are abnormally bright, and 10 per cent. or less are idiots or 
morons. 

In the treatment, hospitalization is first necessary for study. Physiotherapy is the 
all-important method of treatment, and the first principle depends naturally on what the 
examination reveals. Sometimes relaxation is first in importance, and sometimes this is 
combined with equilibration. Aids to teaching relaxation are sedatives and warm baths, 
but these should not be relied on to the extent that the patient will become dependent on 
them. Treatment of the extremities should begin with the proximal joints and gradually 
extend to the more distal joints. Long periods of time are usually necessary, five years 
ordinarily being the minimum. Surgical indications are never immediate. They should 
never be resorted to until a preliminary period of training has been tried. Among the 
surgical procedures that are used, tenotomy is condemned, as the result is irreparable; 
tendon lengthening seldom produces permanent improvement. Novocain injection of 
nerve trunks is of value to decrease temporarily function in certain muscles for study of 
the patient’s reactions. Alcohol injection of nerve trunks and the Stoffel operation are 
valuable aids to treatment.—Herbert E. Hipps, M.D., Marlin, Texas. 


TUBERCULOSIS OF THE SPINE. M. G. Rosenbaum. Southwestern Medicine, XXIV, 

123, Apr. 1940. 

Vertebral tuberculosis is essentially a disease of childhood. It often occurs where 
there is a familial history of tuberculosis. The lower thoracic and upper lumbar regions 
are most often involved. More than one lesion may be present. The infection most 
often destroys the vertebral body, and collapse occurs. Nature tries to heal this process 
by fibrous and then osseous fusion. The usual antituberculous measures—good diet, 
improved hygiene, fresh air, sunshine, and immobilization of the spine—are in order. 
Recumbency in bed, plaster, or a curved frame secures this immobilization. A minimum 
period of two years is always necessary before the patient can be permitted up. The 
criteria for permitting ambulation are: (1) freedom from pain and local tenderness; 
(2) good general condition; (3) no increase in kyphosis; (4) normal temperature; (5) 
gain in weight; and (6) healing as shown roentgenographically. 

Operative fusion of the spine is favored as the best means of controlling deformity 
and permitting quicker and more permanent healing. Following operation, the patient 
should be kept recumbent for six months. 

An analysis of the results of 100 cases studied at the Crippled Children’s Hospital in 
Iowa City is presented. These results briefly are as follows: 94 per cent. of the attempted 
fusions were successful; the Hibbs, Albee, and other modifications were equally success- 
ful. In 96 per cent. the deformity was decreased or its progress was stopped. Paralysis 
was relieved or its progress was arrested in 76 per cent. of the cases following fusion. In 
89 per cent. of cases in which there was abscess formation or a sinus, healing occurred. 

The age of the patient does not seem to influence the good results of fusion. Fusion 
does result in shortening the time of recumbency. It should be done only when the pa- 
tient’s general condition will permit it. If a patient is progressively getting worse, 
fusion is contra-indicated. When his general condition remains at a constant level or 
when he is improving is the best possible time for doing the fusion.—Herbert EF. Hipps, 
M.D., Marlin, Texas. 


INJuRIES witH NERVE DamaGe. Ralph M. Stuck. Southwestern Medicine, 
XXIV, 157, May 1940. 
The vital importance of proper intelligent first aid on any spinal or cervical injury is 
emphasized. Hyperextension of the spine where there is an injury to the thoracic or 


THE JOURNAL OF BONE AND JOINT SURGERY 


| 
ad 
| 
| 
3 
| 
44 
| 


CURRENT LITERATURE 793 


lumbar region, and gentle traction on a cervical spine injury is the proper way to handle 
and transport these patients. 

An immediate estimate of the severity and location of the level of the spinal lesions is 
important and may be made on the following observations: 

(1) Ask patient to move hands and feet gently. 

(2) Observe skin area involved in sweating and “gooseflesh’. This will usually 
correspond to the sensory level of the lesion. 

(3) Observe and record the sensory level, reflexes, motor power, and level of pain. 

(4) Pinch great toe. If there is no sensation the spinal cord is probably completely 
severed. 

(5) Note any angulation of spine. 

(6) Examine back of neck for any evidence of forward dislocation of first four 
cervical vertebrae. 

After this preliminary estimate is made and the patient's shock has been overcome, a 
more complete neurological examination can be made. 

If there is a continual increase in the degree of paralysis, laminectomy is indicated. 
It may also be done as late as a week or more after an injury, if there are evidences of 
compression. 

The type of operation done is discussed and the importance of good postoperative 
care is emphasized.—Herbert E. Hipps, M.D., Marlin, Texas. 


ForeIGN Bopy Arruritis. J. Albert Key. Surgery, Gynecology and Obstetrics, LXX, 

897, May 1940. 

The writer describes six cases of arthritis secondary to the presence of a foreign body 
in or in close proximity to the joint. Four of these patients were operated upon, and the 
pathological findings are described. Findings of degenerative arthritis were present in all 
with some variation in degree, possibly due to the duration or type of foreign body. In- 
fective organisms were not found in these cases, although a low-grade chronic infection 
was suspected in two. The obvious conclusion is reached that foreign bodies in or near 
joints should be removed before the degenerative changes are produced. The article is 
well illustrated with roentgenograms; no microphotographs are shown.—Richard Mc- 
Govney, M.D., Santa Barbara, California. 


THe SurGicaL TREATMENT OF RECURRENT DISLOCATION OF THE SHOULDER JOINT. 

Svante Orell. Surgery, Gynecology and Obstetrics, LX X, 945, May 1940. 

The writer gives a short résumé of surgical methods of preventing recurrent disloca- 
tion, which are based on correction through the bones of the joint; the method of Bank- 
hart, however, is not included. The author presents one case corrected by his own 
method. This consists in making a fissure extracapsularly in the anterior rim of the glen- 
oid with a special osteoperforator and inserting into it a pointed os purum transplant, 
which is allowed to project slightly. Postoperatively, the arm is dressed in adduction 
for two weeks, and then active motion is started. This method gave a stable joint with 
excellent motion in the case reported.—Richard McGovney, M.D., Santa Barbara, Cali- 


fornia. 


VITALLIUM NAILS IN FRACTURES OF THE Hip. Charles S. Venable and Walter G. Stuck. 

Surgery, Gynecology and Obstetrics, LX X, 964, May 1940. 

The writers show that any metal alloy which is electrolytic is subject to corrosion 
when placed in bone. Authors are quoted, and photographs of corroded hip nails are 
shown to develop the idea. Vitallium—which is an alloy of cobalt, 65 per cent.; chro- 
mium, 30 per cent.; and molybdenum, five per cent.—is non-electrolytic and completely 
passive in the tissues. Nails made of vitallium must be cast, but do not loosen in the 
bone or cause formation of sterile fluid about them. The writers note twenty intra- 
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capsular femoral-neck fractures fixed with vitallium nails; in nineteen of these firm bony 
union was obtained without late complications. The one failure was due to a technical 
fault.—Richard McGovney, M.D., Santa Barbara, California. 


AN OPERATION FOR CHRONIC DISLOCATION OF THE INFERIOR RapIo-ULNAR ARTICULA- 
TION. Judson L. Taylor. Texas State Journal of Medicine, XX XV, 278, 1939. 
This is an operation analogous in principle to that used by Nicola in treatment of 

recurrent dislocation of the shoulder by transplantation of the long head of the biceps 

through a hole drilled in the femoral head. The lateral half of the distal four inches of 
tendon of the extensor carpi ulnaris is used to pass through a hole drilled through the 
dorsum of the head of the ulna and is resutured to the other half of the tendon. 

The author reports one case of chronic dislocation of the inferior radio-ulnar articu- 
lation treated by this operation with a successful result.—/. Y. Sher, M.D., Towa City, 


Towa. 


BerrRAG zUR HIsTOGENESE DER OSTITIS DEFORMANS PaGer (Contribution to the 
Histogenesis of Paget’s Disease). Heinz Koops. Virchows Archiv fiir pathologische 
Anatomie und Physiologie, CCCIV, 397, 1939. 

On the grounds of microscopic findings the author claims that Paget's disease 
does not start in the lamellae of the bone, but at the border of the marrow cavity. The 
first change is a process which consists of the increased density of the marrow tissue and 
loosening of the endosteum. The beginning of the resorption of the cancellous bone 
does not begin until after the above has taken place. The process is followed by the 
disappearance of the cells of the marrow tissue, caused by latent serous inflammation 
ending in the marrow tissue with the formation of fibrous marrow tissue, and the bony 
lamellae with the formation of so-called mosaic structure.—T7’. J. Greteman, M.D., Lowa 


City, Towa. 


BEOBACHTUNGEN UBER DIE BEZIEHUNGEN ZWISCHEN Racuitis UND TETANIE (Ob- 
servations on the Relationship between Rickets and Tetany). E. Hennig. Zeit- 
schrift fiir Kinderheilkunde, LX1, 379, 1939. 

One hundred and forty children suffering from rickets were observed in a hospital 
in Berlin from 1933 through 1937. Calcium and inorganic phosphorus values were 
determined in the blood serum on a fasting stomach. 

The author found that only twenty-five, or 17.8 per cent., of the children had pure 
rachitic changes. One hundred and fifteen, or 82.1 per cent., of the children had symp- 
toms of tetany together with the rachitic changes. Of the latter group, thirty-six, or 
31.3 per cent., had latent tetanic signs and seventy-nine, or 68.7 per cent., had manifest 
tetanic signs. 

In the cases having signs of tetany the blood-serum phosphorus was over four 
milligrams per 100 cubic centimeters in 40 per cent. and in the other 60 per cent. it was in 
the rachitic realm. Some of the children showed phosphorus values corresponding to 
those seen in pure rickets. 

It is the opinion of the author that tetany is seen as a healing stage of rickets.— 


A. E. Blieden, M.D., Towa City, Towa. 
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THE TREATMENT OF TUBERCULOSIS OF THE SPINE f 


INTRODUCTION 


BY A. BRUCE GILL, M.D., PHILADELPHIA, PENNSYLVANIA, Chairman } 


This symposium of papers on the treatment of tuberculosis of the 
spine has been arranged in the hope that certain differences of opinion 
among us as to methods of treatment may be thoroughly discussed and, 
as far as possible, may be settled. We have asked our speakers to present 
their observations and the end results with patients treated for a period of 
at least five years, although believing that we would obtain a much more 
accurate picture of this disease if we could know the results twenty-five 
years after the onset of symptoms. 

I trust, moreover, that this discussion may serve a far greater and 
more important purpose than to reconcile what, after all, may be but 
minor differences among ourselves. We may be led to seek a better under- 
standing of the nature and the course of this chronic disease, to observe 
and to comprehend its phases, variations, and relations to other conditions 
of the body. We may even come to question whether we, as orthopaedic 
surgeons, are doing all that might be done to aid nature in the cure of 
tuberculosis of the spine. 

We say that tuberculosis of the spine is a local manifestation of a 
general chronic disease. We recognize that the infection is carried to the 
spine through the blood stream from some primary or secondary focus in 
another part of the body. We observe concomitant or subsequent lesions 
elsewhere. But do we comprehend fully the implications of this state- 
ment and understand the vital connection between the local and the 
general condition? We give much attention to the necrosis in the spine. 
Do we give too little attention to the chronic tuberculosis in the body? 

It is true that the foci in soft tissues and in bone may become per- 
manently healed, but it is also true that within twenty years from the onset 
of Pott’s disease many patients die of causes directly attributable to tuber- 
culosis. Some years ago in the study of a small group of cases I found a 
mortality of 35 per cent. during this period. The deaths had been due 
chiefly to pulmonary, miliary, and meningeal tuberculosis. Some pa- 
tients, in the years subsequent to apparent healing of the spine, whether 
treated conservatively or by operation, developed spastic paralysis, renal 
complications or other bone and joint disease. 

Is it not true that in treating tuberculosis, wherever found, we are | 
dealing with a very chronic, insidious, and resistant disease, and that the 
ultimate victory or defeat depends greatly on the body’s ability to combat 
and stay this infection? 

So, today, we ask ourselves again, what are the objectives at which 
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we aim in our treatment of tuberculosis of the spine? Surely they include 
the following: 

1. The relief of pain. 

2. The healing of the spine. 

3. The prevention or the cure of deformity so far as this may be 
compatible with healing. 

4. The prevention and cure of complications. 

5. The prevention of relapse or of recurrence of the disease in the 
spine or elsewhere. 

6. The prolongation of life. 

In connection with these objectives there are many questions which 
we may attempt to answer: 

1. What is the mortality in Pott’s disease, and to what causes is it 
due, either directly or indirectly related to the disease of the spine? 

2. What are the evidences of healing of the spine? Is fusion of the 
vertebral bodies an accurate criterion of permanent cure; and, if this be 
true, is it the only one? 

3. Is the prevention or the correction of deformity compatible with 
healing, and, therefore, desirable? 

In answering this question we must clearly distinguish between two 
types or forms of vertebral necrosis. In the one form, known as the 
epiphyseal variety, the disease begins in the epiphysis beneath the inter- 
vertebral disc and extends into the body. If the adjacent vertebra is 
similarly affected, with disappearance of the disc, there may occur a bony 
fusion of the two vertebrae with but little destruction of the bodies. 
Healing may thus occur with minimal deformity. In the other form, or 
the central variety, there usually occurs a complete destruction of the 
body. If two or more contiguous vertebrae are so destroyed, how can 
there be fusion without marked deformity? 

4. Practically all of us agree that adults should be operated upon 
unless there is some individual contra-indication. We are divided into 
two opposing camps as to the advisability of operating upon young chil- 
dren and particularly upon those who are in the acute or progressive stage 
of the disease. We are in accord that prolonged rest is indicated but in 
discord as to the methods by which rest or immobilization should be 
secured, 

Are there pathological or anatomical and physiological characteristics 
of the two age periods that would indicate a different method of treatment 
for each? 

Does operative bridging of the posterior segment of the spine in chil- 
dren by either the Hibbs or the Albee method hasten cure, prevent de- 
formity or complications, and lengthen life? Does it result in cure more 
frequently than do conservative methods? We do not particularly wish 
to know in what percentage of cases a skillful operation will produce ¢ 
permanent fusion of the processes of the vertebrae, but rather in what per- 
centage it will produce a fusion of the bodies or otherwise result in a lasting 
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cure. Are the final results better at the end of ten or twenty years than 
they are in those cases which have been treated by equally skillful non- 
operative methods? 

5. What are the complications of Pott’s disease and how should they 
be treated? For example, should abscesses be aspirated? Is calcification 
of abscesses a sign of healing and is it desirable? Are these masses detri- 
mental to healing if they are locked up in a bone cavity or if they lie 
between the vertebral bodies or in the soft tissues adjacent to or at some 
distance from the spine? 

What is the incidence of spastic paralysis and at what time does it 
appear? 

How frequently do sinuses appear? What effect do they have upon 
the prognosis for healing of the spine and for length of life? 

6. Finally, should we regard these cases simply as an orthopaedic 
problem of localized tuberculosis of the spine to be cured in one year or in 
five years, or should we keep these patients under observation and guid- 
ance for many years as does the internist in treating pulmonary tubercu- 
losis? Can we ever forget that the disease is a lurking danger unless the 
body maintains continually a high level of resistance? In the last 
analysis, is the local treatment, however valuable, of greater importance 
than the general treatment of the body as a whole? 
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THE PATHOLOGY OF TUBERCULOSIS OF THE SPINE 
BY J. ALBERT KEY, M.D., ST. LOUIS, MISSOURI 


From the Department of Surgery of the Washington University School 
of Medicine, St. Louis, Missouri 


In Pott’s disease, as in other forms of skeletal tuberculosis, it is gen- 
erally believed that the tubercle bacilli reach the bone through the blood 
stream, which they enter from foci elsewhere in the body—usually the 
peribronchial or retroperitoneal lymph glands. Fraser, however, empha- 
sizes the peculiar tendency of the disease to localize in the bodies of the 
lower thoracic and upper lumbar vertebrae and he is not quite convinced 
by the usual explanation that this area is subjected to greater weight- 
bearing and greater strain and contains more cancellous tissue than do 
other areas of the spine. In seeking an explanation, he notes the close 
relationship of the thoracic duct to the bodies of the vertebrae in the areas 
where the disease tends to occur most frequently and suggests that the 
tubercle bacilli may reach the vertebrae from the overlying duct and its 
related lymphatics. 

Fraser also notes that cancellous tissue containing normal red bone 
marrow is highly resistant to infection by the tubercle bacillus, but that 
cancellous tissue showing marrow degeneration is peculiarly liable to be- 
come infected. When a tuberculous infection is present in the lymph 
nodes overlying a vertebral body, the adjacent cancellous tissue shows 
degenerative changes which render this area especially vulnerable to the 
tubercle bacillus. 

Kither or both of the above explanations may be true, but either 
from the blood stream or from adjacent infected lymphatic tissue tubercle 
bacilli reach the area which is to become the site of the disease and settle 
there and multiply. Whether or not a minor injury which causes a slight 
extravasation of blood, but not a severe inflammatory reaction, is a factor 
favoring the localization and growth of the bacilli, is a question. 

As the bacilli increase in number there is a reaction in the surround- 
ing tissues. Observations on experimental animals indicate that the ini- 
tial reaction to the tubercle bacilli is an acute inflammation with an 
accumulation of leukocytes in the area. An abscess is not produced, but 
the leukocytes soon disappear or are phagocytosed by macrophages, and 
monocytes and epithelioid cells appear in the area. These cells can be 
identified by the presence of a rosette of fine granules, which stains salmon 
pink with neutral red in supravital preparations. It is believed that the 
epithelioid cells are developed from the monocytes and that the mono- 
cytes are developed from the primitive connective-tissue cells. Sabin, 
Doan, and Forkner have studied the reactions of the connective tissues to 
various fractions of the tubercle bacillus and have shown that the lipoid 
fractions of tubercle bacilli, especially the phosphatide As, contain factors 
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which stimulate the multiplication and maturation of monocytes and 
epithelioid cells and epithelioid giant cells. 

As the monocytes and epithelioid cells increase in number they tend 
to form a minute, roughly spherical mass or tubercle. The tubercle con- 
tains no blood vessels and its cells are supported by a delicate reticular 
structure. Sabin, Doan, and Forkner have shown that the stimulus to the 
formation of tubercles resides in certain fatty acids of high molecular 
weight which are found in tubercle bacilli. As the tubercle increases in 
size its central portion undergoes caseation. This is a form of degener- 
ative change in which the cells die, losing their staining characteristies and 
disintegrating without liquefaction to form a finely granular residue. In 
this caseous central area there may be a variable number of fat droplets 
and fragments of cells in various stages of degeneration. Its peripheral 
zone is composed of dead or dying epithelioid cells. 

In addition to the epithelioid cells the tubercle usually contains one 
or more giant cells of the epithelioid or Langhans type. These tend to be 
smaller than the foreign-body giant cells; they are characterized by a 
finely granular central area of protoplasm and exhibit a tendency for the 
nuclei to be arranged around the periphery of the cell. When stained 
supravitally with neutral red, the finely granular central area of the 
epithelioid giant cell stains a salmon pink and resembles the rosette of 
the monocytes and epithelioid cells. The epithelioid giant cell may at- 
tain a considerable size and contain twenty or more nuclei, but as a rule it 
is relatively small and contains only six or eight nuclei. The foreign- 
body giant cells which appear later in the disease may be much larger and 
may contain 200 or more nuclei, which are scattered irregularly through- 
out the cell. Doan, Sabin, and Forkner have shown that the epithelioid 
giant cell is derived from a single monocyte or epithelioid cell by amitotic 
nuclear division, while the foreign-body giant cell is formed by the fusion 
of many cells, which may be of different types. 

If the tubercle is sectioned and stained for acid-fast organisms, a few 
tubercle bacilli may be found in the sections. These may be in the 
‘aseous material or extracellular in the mass of epithelioid cells, but they 
are usually in these cells or in the giant cells. In my experience, however, 
it is difficult to find the organisms in sections from tuberculous bone in 
human beings. 

The necrosis of the central portion of the tubercle appears to be due 
to a lack of blood supply rather than to any toxic effect of the tubercle 
bacillus on the epithelioid cells or giant cells. This belief is based on 
observations on experimental tuberculous arthritis in the knee joints of 
rabbits. In this material many apparently living and healthy epithelioid 
cells and epithelioid giant cells contain considerable numbers of appar- 
ently normal tubercle bacilli. One gains the impression that these bacilli 
not only live, but thrive and multiply in the protoplasm of these cells and 
that this may occur without causing visible damage to the cell. In other 
words, the epithelioid cell, instead of serving as part of the defense 
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mechanism of the body, appears to serve as a host for the tubercle bacillus 
and aids in the spread of the disease to the adjacent tissues. 

Around the periphery of the mass of epithelioid cells is a zone of 
small round cells or lymphoid cells, and outside of this there develops a 
zone of non-tuberculous inflammation in which the smaller blood vessels 
are increased in size and number and in which there is a mild proliferation 
of the fixed connective-tissue cells, small round cells, and macrophages. 
This tissue is oedematous and possesses a delicate connective-tissue 
framework. 

In instances in which the resistance of the individual is sufficient to 
cope with the infection, the fibroblasts in this non-tuberculous inflamma- 
tory zone proliferate and form mature collagenic fibrous tissue, which sur- 
rounds the minute tubercle. As this fibrous capsule matures and con- 
tracts, it isolates the epithelioid-cell mass with its tubercle bacilli from the 
rest of the body and they may ultimately die. 

In the individual in whom Pott’s disease is to develop, no adequate cap- 
sule is formed, but the epithelioid cells and tubercle bacilli invade the non- 
tuberculous inflammatory tissue and either form more tubercles or produce 
tuberculous inflammatory tissue, which contains large numbers of epi- 
thelioid cells. This highly cellular tuberculous inflammatory tissue in- 
vades the surrounding tissue, much as does a neoplasm, and bone, cartilage, 
and even dense fibrous tissue offer only a temporary barrier to its progress. 
Its periphery is highly vascular, but its central portion is so crowded with 
cells that blood vessels are obliterated and consequently this area degener- 
ates and a tuberculous abscess is formed. This granulation tissue may 
contain a variable number of tubercles and these may enlarge and coalesce 
to form an abscess. 

The abscess cavity contains cell debris and caseous material, but its 
contents are more liquid than is the caseous material of the tubercle and 
are purulent in character. During the active stage of the disease the 
wall of the abscess, which is composed of tuberculous granulation tissue 
backed by fibrous connective tissue, secretes, or at least permits the 
passage of fluid into the cavity, and the abscess increases in size and bur- 
rows through the surrounding tissues, following the path of least resist- 
ance, but maintaining a definite limiting wall until it ruptures through 
the skin, when its contents are expelled and its walls collapse, although 
the channel of tuberculous tissue may persist as a sinus as long as the 
disease is active. In other instances the disease may quiet down and the 
abscess may decrease in size as its contents become inspissated, and cal- 
cium may be deposited in its thickened avascular wall. 

In cancellous bone the area of tuberculous granulation tissue is able 
to enlarge with relative ease, the hematopoietic red bone marrow tending 
to retreat before the zone of non-tuberculous inflammatory tissue and 
leaving an oedematous, sparsely cellular, fatty marrow which offers little 
resistance to the advancing disease. It is believed that this disappear- 
ance of the red bone marrow from the vicinity of an active tuberculous 
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focus is due to some toxins elaborated by the bacilli and diffused into the 
surrounding tissues. 

The living bone trabeculae become atrophied in the hyperaemic zone 
of non-tuberculous inflammatory tissue and are more or less completely 
absorbed when they become engulfed by the zone of tuberculous inflamma- 
tory tissue. This absorption is partly due to osteoclasts, but it appears to 
be largely the work of the epithelioid cells. Just how these cells are able 
to bring about the absorption of living bone, we do not know. Not only 
does this tissue bring about the disappearance of the delicate trabeculae of 

‘ancellous bone, but it penetrates the relatively dense cortical bone and 
appears beneath the periosteum or ligaments, which it tends to strip from 
the bone as it spreads over its surface. Likewise, this tissue, in which the 
epithelioid cells predominate, is able to erode and to penetrate articular or 
epiphyseal cartilage without great difficulty. It does have difficulty 
when it encounters dense fibrous tissue, but even this gives way eventually 
when subjected to the constant pressure of the mass of growing tubercu- 
lous tissue. 

It is characteristic of advancing tuberculosis that the bone plays a 
purely passive role and that little or no new bone is formed to buttress or to 
replace that which is being destroyed. Nor is there any stimulus to the 
formation of new bone, such as is present when bone is invaded by a 
pyogenic organism. Furthermore, in tuberculosis it is living bone which 
is destroyed, and the disease does not appear to cause necrosis of bone 
except by mechanically shutting off its blood supply. In fulminating 
disease the advancing zone of tuberculous inflammatory tissue may engulf 
trabeculae and pass on before they are completely absorbed, leaving the 
trabeculae projecting into the degenerating and caseous deeper layers of 
the diseased tissue. Such trabeculae die and are broken off and persist 
in the pus of the abscess as bone sand, as this pus has little power to dis- 
solve dead bone. 

Rarely, sequestra of considerable size are formed and these are fre- 
quently triangular or wedge-shaped. Consequently, it is generally be- 
lieved that they are due to emboli or to sclerotic occlusion of the nutrient 
artery which supplies this particular portion of the bone. Emboli have 
not been demonstrated, and sclerosis is a phenomenon which occurs in the 
healing of a tuberculous lesion. Consequently, I believe that the rare 
large sequestra are produced by the given area being surrounded by the 
tuberculous tissue which cuts through the bone on all sides of it and thus 
deprives it of its blood supply. This area thus becomes necrotic before it 
is invaded and destroyed and may persist indefinitely, as the tuberculous 
tissue has little power to destroy dead bone. 

In tuberculosis of the spine it is usual to classify the cases as of the 
central, epiphyseal, and anterior types. Very rarely the disease begins 
in the posterior arch or transverse process, but this type is not really 
Pott’s disease and will not be considered in this paper. In a series of 109 
lesions studied by Doub and Badgley the disease was of the central type 
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in sixty-one, epiphyseal in forty, and anterior in eight. These lesions oc- 
curred in 100 patients, the incidence of multiple foci being about 10 per 
cent. This classification was based on x-ray studies of the spines and 
while the roentgenograms do not show the very early lesions, they do 
show the areas of greatest destruction, and it may be assumed that the 
disease began in these areas. 

It is usually stated that the localization of the disease in the central, 
anterior, and epiphyseal regions of the bodies of the vertebrae is deter- 
mined by the arrangement of the blood vessels, which are divided into 
central, anterior, and epiphyseal groups, and of course this is in a measure 
true. However, it is to be noted that infection in the epiphyseal 
region which has a relatively poor blood supply is frequent when 
compared to that in the anterior portion of the body, which not only has 
a rich blood supply, but is adjacent to the diseased lymphatic tissue, 
which, according to Fraser, is the source of the disease. It is further to be 
noted that the anatomical arrangement of the blood vessels in the various 
bones is used to explain the localization of hematogenous osteomyelitis 
and of tuberculosis. Yet pyogenic bacteria rarely cause disease of the 
spine and frequently cause disease of the long bones, while about half of 
all skeletal tuberculosis occurs in the spine. It is thus evident that the 
arrangement of the blood vessels is not a satisfactory explanation and 
that we do not yet know why the spine is peculiarly susceptible to 
tuberculosis. 

In the central type of disease the infection begins in the interior of 
the body of the vertebra and spreads through and destroys the cancellous 
tissue until it reaches the cortex, usually in the anterior portion of the 
body. The cortex is then penetrated and tuberculous tissue accumulates 
beneath the anterior longitudinal ligament, which is stripped up from its 
attachments to the bone and to the adjacent intervertebral dises. The 
disease may thus reach and invade the bodies of the vertebrae above and 
below without passing through the intervertebral discs. Likewise, it 
may erode the posterior cortex to appear beneath the posterior longitudi- 
nal ligament, and the tuberculous tissue may penetrate this ligament and 
spread over or completely encircle the dura at the level of the disease. 

The central type of disease may cause no symptoms until a consider- 
able portion of the body of the vertebra is destroyed and the bone col- 
lapses or until the cortex of the vertebra is perforated and the disease 
appears beneath the ligaments, which serve as periosteum, and causes 
localized pain. It is thus evident that this type of disease is not often 
diagnosed until considerable destruction is present. 

The anterior or superficial type of spinal tuberculosis begins in or near 
the anterior cortex of the body and spreads up and down the spine be- 
neath the anterior spinal ligament to invade and to erode the anterior por- 
tions of the bodies of the adjacent vertebrae, without causing much dam- 
age to the intervertebral discs or collapse of any vertebral body until late 
in the disease. 
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The epiphyseal or intervertebral articular type of disease begins in or 
near the upper or lower surface of the body and spreads to the interverte- 
bral dise and through the nucleus pulposus to the adjacent vertebra. This 
type of disease causes symptoms relatively early and can be diagnosed in 
the roentgenogram by the narrowing of the intervertebral space. It was 
present in 37 per cent. of the lesions studied by Doub and Badgley. I 
know of no pathological observations on early cases of the epiphyseal or 
intervertebral type of disease, but Knaggs shows an excellent example, 
which is fairly early and exhibits complete destruction of the nucleus pul- 
posus and very little destruction of the adjacent vertebral bodies. Ap- 
parently this type does not occur in young children where the cartilage 
adjacent to the intervertebral dise is quite thick and offers a much firmer 
barrier to the spread of the disease than does the delicate cancellous bone 
of the vertebral body. Doub and Badgley note that the epiphyseal type 
of disease rarely causes collapse of the vertebral body and that it may heal 
without appreciable deformity. 

From pathological studies on seven spines of children who had Pott’s 
disease, Compere and Garrison concluded that the intervertebral disc was 
highly resistant to destruction by tuberculous granulation tissue. This 
is, of course, true in children, but the observations of Doub and Badgley 
indicate that it is not true in adults. 

As has been stated, when the tuberculous focus reaches a certain 
size its central portion becomes necrotic and may caseate, but, if the 
disease is advancing, it tends to liquefy and form an abscess, which in- 
creases in size as long as the disease is progressing. The abscess appears 
beneath the anterior longitudinal ligament and first elevates, then pene- 
trates this ligament, and forms a cavity lateral or anterior to the spine. 
As the abscess enlarges it follows the path of least resistance through the 
surrounding tissues and may generate considerable internal pressure before 
it finds its way to a soft, yielding area where the pressure is dissipated. 
Two or more abscess cavities may arise from a single focus in the spine. 
Abscesses which arise above the diaphragm tend to remain in the chest 
‘avity or to point posteriorly. Those which arise below the diaphragm 

tend to enter the pelvis along the sheath of the iliopsoas muscle and may 
point in the groin or thigh, or they may burrow posteriorly and appear in 
the lumbar region. 

After the abscess ruptures and discharges its contents or is drained, 
the tuberculous sinus which persists is vulnerable to infection by pyogenic 
organisms, and this is a complication which is usually dreaded.  Per- 
sonally, I do not think that the secondary infection is so very important. 
If the patient has little or no resistance to the tuberculous disease and is 
going down hill steadily, the secondary infection may add the coup de 
grace to a hopeless situation, but secondary infection in abscess cavities 
which are well walled off and amply drained is rarely dangerous and usually 
clears up when and if the tuberculous focus heals. 

A distressing complication which occurs in about 12 per cent. of 
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the patients with Pott’s disease is paraplegia. Weeden Butler and Sed- 
don, in two excellent papers, submit their observations on 186 patients 
with Pott’s paraplegia. They emphasize the fact that the only constant 
etiological factor found in the usual type of paraplegia which occurs in 
early active Pott’s disease and diminishes in direct relationship to the 
subsidence of the infection, is the presence of active tuberculosis in imme- 
diate relationship to the dura mater. As has been stated, the tubercu- 
lous granulation tissue may completely surround the spinal cord, being 
separated from it by the dura. This membrane affords a very firm barrier 
to the tuberculous tissue and is not invaded by the disease. Conse- 
quently, a pachymeningitis does not occur. However, Weeden Butler 
points out that even without mechanical compression of the cord the 
presence of active tuberculous granulation tissue in intimate contact with 
the dura may cause degenerative changes in the cord, which appear to be 
the result of the general toxic and vascular reaction occurring in the vicin- 
ity of any active tuberculous focus, and if this condition persists long 
enough the paralysis will be permanent. However, it is to be noted that 
even in this type of paralysis with no obvious compression of the cord, 
mechanical pressure is a factor in the paralysis, because this tends to clear 
up when an abscess communicating with the focus in the bone and thus 
with the epidural granulation tissue is drained, either by spontaneous 
rupture or by costotransversectomy. 

Due to the position of the articular facets, destruction of the bodies 
of the vertebrae in the thoracic region results in more extensive collapse 
and more acute angulation than does an equal amount of destruction in 
the cervical or lumbar region. But even in the thoracic region, with 
destruction of the bodies of several vertebrae and marked angulation, 
the spinal canal is not narrowed sufficiently to embarrass the spinal cord 
seriously. However, if the pedicles and articular facets are destroyed 
a pathological dislocation may occur and the cord may be pinched by the 
persisting posterior margin of the vertebra above or below, and permanent 
total paralysis may occur. A similar result may follow the rare concer- 
tina-like collapse of a vertebral body whose pedicles and articular facets 
have been destroyed. 

Very rarely, a large, loose sequestrum or mass of caseous material may 
be forced back into the vertebral canal and may compress the cord. 

We know that tuberculosis of the spine is in many respects a self- 
limited disease; that it tends to progress for a period of months or years 
and that then, either with or without treatment, an equilibrium is estab- 
lished between the resistance of the patient and the virulence of the 
organisms; that the patient may remain 7n statu quo for awhile; and that 
finally the defensive mechanisms of the body get the upper hand and the 
lesions in the spine tend to heal by fibrosis. In children the remains of 
vertebral bodies which are in contact tend to fuse by bone, and compensa- 
tory curves develop above and below the lesion. In adults the fusion is 
usually by dense fibrous tissue. 
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It is probable that no tuberculous spine ever heals completely and 
that there always persist foci of disease, which may become active if con- 
ditions arise that sufficiently favor the disease. I believe that spinal 
fusion tends to lessen the probability that such conditions will arise and 
that it tends to hasten the healing process if it is done without lowering 
the patient’s resistance too much. 

We need more studies on the process of healing in Pott’s disease, as 
most of the pathological work has, of necessity, been done on patients in 
whom healing did not occur. While the roentgenogram shows only the 
more gross lesions, it may yet throw considerable light on this phase of the 
disease. 
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PATHOGENESIS AND MEDICAL TREATMENT OF 
TUBERCULOSIS OF THE VERTEBRAE 


BY J. BURNS AMBERSON, JR., M.D., NEW YORK, N. Y. 


In the United States, since bovine tuberculosis has been reduced to 
the point where only 0.4 per cent. of the cattle are infected (Mohler), the 
disease in man is due almost exclusively to infection with the human type 
of bacillus. With very few exceptions, infection is acquired by inhala- 
tion, and the primary lesions are pulmonary. The early passage of the 
organisms from the pulmonary focus to the bronchopulmonary lymph 
nodes sets up lesions there which, in children, are usually much more ex- 
tensive than those in the parenchyma. This caseating lymphadenitis is 
the source from which most hematogenous infections originate, the bacilli 
gaining access to the blood stream at the junction of the lymphatic trunks 
and the innominate veins. 

There are several very conspicuous factors which influence the liabil- 
ity to hematogenous dissemination. The more extensive and progressive 
the caseous lymphadenitis, the greater is this tendency. In turn, the 
severity of the lymphadenitis is dependent greatly on the intensity and 
frequency of repetition of the early infections and on the age and race of the 
patient. Extensive lymphadenitis and severe and fatal forms of hema- 
togenous dissemination occur chiefly in infancy and in early childhood; 
both are more conspicuous in negroes, even in adults. Two-thirds or 
more of the deaths from tuberculosis occurring in children under the age of 
five can be traced to these forms,—chiefly tuberculosis of the meninges 
and the central nervous system. By contrast, over 95 per cent. of such 
deaths among people past fifteen years of age are due to chronic pulmonary 
disease. The trends, therefore, are very pronounced: the younger the 
child, the larger the lesions of caseous lymphadenitis and the greater the 
liability to hematogenous dissemination. The older the person, particu- 
larly beyond the age of puberty, the greater is the tendency to localiza- 
tion in the lungs, the less to hematogenous spread. There are exceptions, 
as in old men, but these are not sufficiently significant to nullify the rule. 

Lesions developing from invasion of the blood stream appear pre- 
dominantly in the lymphatic system, the meninges and the central nerv- 
ous system, the serous membranes, the skeletal system, and the genito- 
urinary system. Factors which favor these localizations include the 
arrangement of blood vessels and the distribution of the monocytic cells 
of the reticulo-endothelial system by which tubercle bacilli are engulfed 
and in which they survive for considerable time. 

After localization of the infection in various structures, if the victim 
survives, further progress of the disease is likely to be confined to single 
systems such as the respiratory or the genito-urinary. Local develop- 
ments depend on such factors as compactness of the organ and spatial 
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relationships. Thus, the lungs are particularly vulnerable, because they 
may be infected not only by inhalation but also by hemic transport of the 
bacilli, regardless of the point of their entry into the venous circulation. 
Furthermore, since the lungs are richly vascular, mobile, tubular, and 
areolar structures, the opportunity is great for the diffusion of toxins and 
the local dissemination of the infection. 

A feature of tuberculosis is its frequent latency and subsequent re- 
activation. If lesions are not sufficiently severe or disseminated to cause 
a child’s death within a few months or years after infection, they settle 
often as latent caseous residua and usually become more or less encapsu- 
lated. The latent state may continue during later childhood until adoles- 
cence, when one or more of the foci may become reactivated, most often 
in the lungs. This feature seems responsible for the rapid accretion of 
progressive pulmonary lesions between the ages of eighteen and thirty- 
five. The mechanism of reactivation is not understood clearly, but de- 
pends apparently on fundamental constitutional alterations that fertilize 
the soil in which tubercle bacilli are much more likely to thrive. 


PRINCIPLES OF PATHOGENESIS IN TUBERCULOSIS OF THE VERTEBRAE 


Tuberculosis of the vertebral column accounted for 698 deaths in the 
registration area of the United States in 1937,—431 in men, and 267 in 
women. This represents approximately | per cent. of the deaths from all 
forms of the disease, and approximately 12 per cent. of those from ex- 
trapulmonary tuberculosis. In Switzerland, Kaufmann estimated that 
from 1931 to 1935, 8.5 per cent. of all fatal extrapulmonary organ tubercu- 
losis was caused by disease of the vertebral column. 

It is interesting to know how closely vertebral tuberculosis follows 
some of the general laws of pathogenesis. Because of the difficulty of 
detecting early lesions, the time of the first involvement of the vertebrae 
has not been as clearly recognized as in the case of the lungs. However, 
on the basis of a study of 1259 cases, Whitman reported in 1927 that in 
85.8 per cent. of the cases the disease develops before the age of ten, the 
apparent onset occurring most commonly between the third and the 
tenth years. Recently Hellstadius, by more exact methods, has found 
two peaks of incidence of “primary” spondylitis*: the first between 
birth and nine years of age and the second, somewhat higher, between 
the ages of twenty and thirty-five; after this age the incidence of the 
“‘primary”’ type declines rapidly. The first peak coincides with that of 
the other early hematogenous disseminations mentioned and is easily 
understood. The second is more difficult to explain. Wallgren and 
Lundblom believe that this postpuberty peak is related to a sharp in- 
crease in the incidence of primary exogenous infections acquired by 
young people as they extend their activities farther from the home and 
more deeply into a contaminated environment, but there is reason to 


_ * He distinguishes the first vertebral focus as ‘‘primary” and direct extensions to 
adjacent vertebrae as ‘‘secondary”’. 
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doubt the correctness of this assumption. Considering parallel phenom- 
ena already mentioned, the incidence of progressive pulmonary disease in 
this age period is too great to be explained by the effect of extrinsic factors 
alone and appears to be related in considerable part to constitutional 
variations. In vertebral as well as in pulmonary tuberculosis, the peak of 
incidence of progressive disease after puberty exceeds the slope of the 
curve of incidence of infection. In other words, incidence of infection 
determined recently in large groups of the American population (Douglas 
and Harmon) rises gradually and not as a peak at this time of life. 

There is other evidence to indicate that lesions which are established 
in the vertebral bodies early in life, if they do not soon become progressive 
and destructive, may subside into latency to remain permanently in this 
state or to be reactivated later by influences similar to those which affect 
pulmonary foci. Randerath found the bone marrow invaded almost in- 
variably in acute generalized miliary tuberculosis and in eighteen of a 
series of twenty-two cases of chronic extra-osseous tuberculosis, — mostly 
pulmonary. Koizumi demonstrated tubercle bacilli in the bone marrow 
in 75 per cent. of a series of cases of chronic organ tuberculosis. Since 
obviously few of these lesions ever become progressive, the necessary 
assumption is that, if the patient survives, most of them become healed 
or latent, and that constitutional or local influences later may be respon- 
sible for the exacerbation of some of them. Trauma, for example, may 
‘ause reactivation of such a latent focus. Few believe now that the effect 
of trauma Is to establish a locus of lowered resistance in which circulating 
tubercle bacilli are likely to lodge. 

Vertebral disease also follows some of the general laws which de- 
termine localization and subsequent evolution. The point of localization 
in the vertebral body is thought by some investigators (Hellstadius, 
Randerath, Konschegg, Janas) to be determined largely by the vascularity 
of the parts, the density of the tissues, the areas of growth, and the rich- 
ness of red bone marrow. Randerath, for instance, observed more lesions 
in the red marrow than in the fat marrow and invoked this factor to ex- 
plain the relative frequency of tuberculosis of the shafts of long bones in 
children and its relative rarity in adults. The actively growing anterior 
subperiosteal part of the vertebral body, rich in vessels, is given by a 
number as a cause of the evolution of lesions here. The relative softness 
of the growing osseous tissue, the more frequent and severe hematogenous 
infections in early childhood, and the lower general resistance which pre- 
vails then help to explain the more diffuse, destructive lesions of the ver- 
tebral bodies, the more frequent development of paravertebral abscesses, 
and the higher incidence of spastic paraplegia in the first ten years of life. 
In adults, by contrast, increasing specific immunity and the greater com- 
pactness of the bone structure help to account for the higher incidence of 
localized, less destructive lesions. Furthermore, hematogenous infec- 
tions in adults are usually less severe than those in early childhood. 
Among several hundred nurses observed before and after becoming tuber- 
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culin positive for the first time, I have found only one case of early 
localized vertebral tuberculosis; no deaths have occurred in this group. 
Caseous lymphadenitis in the bronchopulmonary and mediastinal chain 
is much less frequent than in young children. There seems to be an in- 
creasing native resistance against the infection as the person grows older. 

Developmental changes seem also to have an influence on the type 
and rate of healing of vertebral tuberculosis. In children, new-bone 
formation in a diseased vertebral body is reported to be more frequent 
than in adults. In adults, block formation is common; in children, rela- 
tively rare. Randerath has the conception that new-bone formation in 
children may be explained by the fact that the physiological growth 
center may be included in the domain of the lesion and may be stimulated 
by the diffused toxins. Finder’s explanation of the healing process seems 
to harmonize with this view. In adults, calcification of pulmonary 
lesions is seldom observed before they have remained arrested for four or 
five years, and then only slowly. In children, calcification is usually 
more rapid and may be easily identified in the roentgenogram within a 
year. The fundamental reason for this difference, which may play a 
part in the healing of vertebral tuberculosis also, is not clear. Pagel has 
suggested that endocrine activity may be a factor, recalling that childhood 
is the period of greatest parathyroid function. 

The law of Marfan, that tuberculosis of the bones excludes the likeli- 
hood of serious tuberculosis in other organs, has numerous exceptions. 
Bernard and his associates suggest that the law applies only to extrapul- 
monary lesions which have healed before puberty without extension to 
other organs. Sipos, Petter, Marienfeld, and others make it clear that 
many patients with vertebral disease have more or less serious tuberculous 
lesions elsewhere,—most often in the lungs. Von Hecker finds that asso- 
ciated pulmonary lesions are fewer in older patients, decreasing in his 
series from 63.6 per cent. in the age period of from one to three, to 5 per 
cent. in the age period of from twenty-two to twenty-four. Cave reports 
that 60 per cent. of 122 children with vertebral tuberculosis showed pul- 
monary lesions at some time during the course of the disease, as demon- 
strated by roentgenograms taken routinely every three months. Hema- 
togenous disseminations are bound to strike many visceral organs. That 
many of the resulting lesions remain innocuous is proved by the finding 
of healed miliary tubercles in the liver, the spleen, and the kidneys in 20.1 
per cent. of 452 consecutive cases examined routinely at autopsy in the 
Cleveland City Hospital by Reichle and Work. While most of these 
lesions remain latent, some assuredly will progress. Meningitis predom- 
inates in infancy and in early childhood, but other forms, such as urogeni- 
tal tuberculosis, are fairly common at later ages. Kaufmann found that 
13.7 per cent. of the extrapulmonary lesions in his series were in the 
genito-urinary tract; he and others have pointed out the greater frequency 
in men after the age of twenty. From these reports and my own experi- 
ences, it may be said that thoracic lesions, apart from being the common 
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origin of vertebral tuberculosis, often complicate the picture because of 
their extent, activity, and chronicity, and that other associated hematog- 
enous lesions are by no means rare. Wherever these may be situated, 
they occasionally progress simultaneously with the vertebral lesions or at 


some other time. 


LIABILITY OF THE NEGRO 


In 1935, the negroes of the United States comprised 9.5 per cent. of 
the total population. Thirteen per cent. of all deaths from all causes oc- 
curred in negroes. Twenty-seven per cent. of all deaths from tubercu- 
losis were among negroes in 1935, as compared with 11 per cent. in 1910. 
In 1937, in the registration area of the United States, 27.5 per cent. of the 
deaths from all forms of tuberculosis occurred among the colored, and 
this group contributed 39.4 per cent. of the deaths from disseminated 
tuberculosis and 21.4 per cent. of those from tuberculosis of the vertebral 
column. Pinner and Kasper, in a comparative autopsy study, noted a 
decidedly greater relative incidence of hematogenous lesions in negroes 
and found evidence that this is a genetic characteristic. My own ob- 
servations are in agreement and indicate that the negro shows a greater 
tendency to caseous tuberculosis and less effective healing powers, and, in 
the presence of vertebral or other hematogenous tuberculosis, a decided 
tendency to further dissemination of the infection. 


CLINICAL APPLICATIONS 

From these observations certain practical principles suggest them- 
selves. 

If exposure to infection is inevitable, the prevention of vertebral 
tuberculosis depends largely on the postponement of infection at least 
until after the years of early childhood and on the safeguarding of general 
health and resistance during adolescence when latent lesions sometimes 
become reactivated. 

In any case of vertebral tuberculosis the source should be sought in 
the chest. The pulmonary focus may be insignificant, and the more 
important lesions are likely to be found in the lymph nodes of the medi- 
astinum. Since the lesions at the source may fluctuate greatly at the 
beginning and even later, especially during adolescence, periodic roent- 
genographic observation should be made; during the period of instability 
this should be at intervals of three months or less. 

Since the vertebral focus frequently is only one of a number of hema- 
togenous lesions, others should be looked for at once and at intervals there- 
after. The common points of localization should be investigated es- 
pecially. Suggestive findings, such as traces of albumin and pus in the 
urine, necessitate further thorough examination. 

If associated lesions are discovered, they should be studied and evalu- 
ated carefully, since these may be mild and latent or active and ulcerating 
and should be treated accordingly. 
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PRINCIPLES OF MEDICAL TREATMENT 

Tuberculosis of the vertebrae is invariably only one part of a system- 
ic disease. This fact has many implications in treatment which should 
be designed to control other active lesions as well and to avoid the 
exacerbation of foci which at the time may be latent. It is a fundamental 
principle of treatment of any form of tuberculosis that adequate healing 
cannot be expected until activity has subsided and the processes of 
caseation and liquefactive necrosis have been arrested; then, and not be- 
fore, healing may progress efficiently and steadily. 

Since stabilization of the lesion is the first goal, rest treatment ini- 
tially is intended for this purpose. Symptoms of toxaemia are watched, 
and it is invaluable to make periodic observations of the erythrocyte 
sedimentation rate and of the blood leukocytes. Quiescence is indicated 
by a trend to normal, while the lesion may show a subsidence of the de- 
structive process simultaneously. This period of stabilization, indicating 
that the diffusion of toxins is becoming less and less, requires a variable 
time,—-often many months. Afterwards, if reactivation is prevented, 
local healing progresses slowly. 

There is no substitute for the general scheme of rest treatment in any 
form of tuberculosis, and it is particularly important in the case of re- 
cently developed disease. Proof of the value of rest treatment is empiri- 
cal. It should not be supposed that this consists solely of rest of the local 
lesion. Healing depends not only on this but also on the preservation 
and enhancement of the general specific and non-specific factors which 
enter into resistance. Their vital importance is best demonstrated when 
they are impaired, as by malnutrition, fatigue, worry, menstruation, 
pregnancy, associated diabetes, and many other causes. Rest treatment, 
therefore, should include, if possible, the elimination or minimization of 
such deleterious influences in order to ensure the maintenance of vital re- 
sistance at a maximum level. 

Speaking specifically, diet is now considered to be important in tuber- 
culosis only in so far as it provides all the necessary elements in suitable 
amount and quality, well prepared and tastefully served. Beyond this, 
there is no proved efficacy in excessive dietary specialization. Physical 
agencies, such as heliotherapy, balneotherapy, and climatic treatment, 
are useful for their effect in preserving and stimulating physiological tone 
and in promoting mental and physical relaxation. Except for certain 
superficial tuberculous lesions, it is doubtful whether natural or artificial 
heliotherapy is lethal for bacilli in the tissues or that it accelerates heal- 
ing in a specific way. Psychotherapy is important to help the patient re- 
solve his personal problems, which otherwise may act to retard his progress. 
Serenity and calmness are powerful factors in promoting recovery. 

There is no substitute for time in the healing of this disease, and even 
several years is not too long a period when one considers the alternative 
of repeated relapses, chronic invalidism, and early death. 

In principle, operative interference in any form of tuberculosis is 
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most effective ultimately if time is allowed first for the active process to 
subside and fibrous encapsulation to begin. Then surgical treatment, 
while it does not necessarily accelerate healing, may create conditions in 
which healing will be most effective and durable. Certainly surgical 
treatment does not seem logical in the presence of actively disseminating 
tuberculosis when new lesions may appear at any time in some other 
organ in a serious and threatening form. The peculiar constitutional 
disposition of the negro in this respect should be seriously considered. 


SUMMARY 


Tuberculosis of the vertebrae conforms fairly closely in its time and 
mode of origin to the principles applying to other hematogenous dissemi- 
nations. The disease usually starts in early childhood or during adoles- 
cence and early adult life; in the latter period some of the newly develop- 
ing lesions probably result from the exacerbation of latent foci established 
many months or years previously. 

The localization, evolution, and healing of vertebral lesions, likewise, 
are governed by principles which apply to other structures. The com- 
pactness, growth, vascularity, and other components of the bone, as well 
as the differences in native and acquired resistance, help explain the dif- 
ferences of behavior at various ages. 

In negroes, vertebral tuberculosis is a more frequent, serious, and 
fatal disease than in whites. 

In the presence of vertebral tuberculosis, a source in the chest should 
always be assumed and sought for, as well as hematogenous lesions in 
other systems such as the serous membranes, the lymphatics, and the 
genito-urinary tract. It is important to recognize these at any time, but 
especially during the early stages of vertebral disease. Periodic roent- 
genographic examinations of the chest should be made at frequent inter- 
vals, and the urine should be examined regularly for traces of albumin or 
pus. Suggestive evidence should always lead to further investigation. 
Too much reliance should not be placed on the observation that vertebral 
tuberculosis sometimes runs its course as an isolated lesion. 

Treatment is aimed first at arresting hematogenous dissemination, 
diffusion of toxins from the vertebral lesions, and the destructive processes 
of caseation and liquefaction. Later, adequate time should be allowed 
for complete healing, which may require several years. Healing sets its 
own pace, and this cannot be accelerated materially except by rest treat- 
ment in its comprehensive meaning. Other measures may aid in securing 
a better, if not a quicker, result. 

Attention is called to the principle that in any form of tuberculosis 
surgical treatment usually is most effective ultimately if it is postponed 
until the forces of resistance have become organized and the lesion has 
been stabilized and has started to heal. Surgical treatment may be 
futile and harmful if started prematurely, especially if the disease is still 
in the phase of hematogenous dissemination. 
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END RESULTS OF THE SPINE-FUSION OPERATION FOR 
TUBERCULOSIS OF THE SPINE 


BY WALKER E. SWIFT, M.D., NEW YORK, N. Y. 
From the New York Orthopaedic Dispensary and Hospital 


For exactly twenty-nine years the Hibbs spine-fusion operation has 
been the treatment of choice for persons with tuberculosis of the spine 
who have come to the New York Orthopaedic Hospital. It was per- 
formed for the first time on January 9, 1911, and between that date and 
January 1, 1940, 1020 such patients have been so treated. They repre- 
sent a motley group of all ages, of all stages of activity of the disease, 
and of all the variations in those factors which make up what is known as 
the patient’s constitutional capacity to resist tuberculosis. The operation 
was thought of by Hibbs primarily in terms of the treatment of young 
children, and, although it has come to be used more and more for adults, 
no opportunity can be missed of reiterating and stressing the fact that 
spine fusion has its most beneficial results in young children. 

In order that data on the really late results could be summarized, 
only those patients who were operated upon in the twenty-year period 
1911 to 1930 inclusive have been considered. This allows the possibility 
that each patient could have a minimum ten-year period of observation. 
No patient has been included who was lost before he had had an examina- 
tion by a surgeon at the Hospital five years after the operation. This, of 
course, eliminates a considerable number, but, as a matter of fact, the 
follow-up efficiency over this twenty-year period has been extremely good. 
Of the total of 817 patients, 71 per cent. are included in this study; of 
that 71 per cent., 61 per cent. have been observed regularly for periods of 
at least ten and up to twenty-four years after the operation. — It is evident, 
therefore, that any conclusions drawn from this study are based on a large 
number and a great variety of patients, observed over a long period of 
time. 

As observations have accumulated, a number of effects of the spine 
fusion on tuberculosis of the spine have become clear and demonstrable. 
Therefore, before presenting any statistics, it would seem a valuable part 
of this end-result study to state just what is and what is not expected of 
the operation. 

A group of factors are present in each patient which cannot be com- 
pletely evaluated in the beginning, but which exert a great influence on 
the course of the disease. For instance, one cannot tell just what degree 
of inherent capacity for resistance to the disease is present. It is hard 
to say just how virulent the particular infecting organisms are. It is 
difficult to detect by present diagnostic methods all of the parts of the 
vertebrae which are involved, or to know the exact amount of cancellous 
bone which has been or is about to be absorbed. One cannot foretell how 
well or how quickly any one individual's tissues will respond and set in 
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Fic. 2-A Fig. 2-B Fig, 2-C 
Illustrating pseudarthrosis. The patient had a history of symptoms of six 
months’ duration when fusion was done in 1924 at the age of two years. The lesion 
involved the second, third, and fourth lumbar vertebrae, and the fusion extended 
from the eleventh thoracic vertebra to the fourth lumbar vertebra, inclusive. The 
condition fourteen years after fusion was excellent. 

Fig. 2-A: Preoperative film. 

Fig. 2-B: Thirteen months after fusion, showing pseudarthrosis and increase in 

deformity with no subsidence of the lesion. Repair of the pseudarthrosis was done. 

Fig. 2-C: Fourteen years after first fusion, showing solid fusion, bony fusion and 

growth of bodies, and moderate deformity. 
motion their obscure ways of resisting tuberculosis, which tend toward 
quieting the activity of the lesion. 

The primary purpose and the fundamental result expected of a spine 
fusion is the elimination of motion at the vertebral joints, thereby estab- 
lishing a state of what is called rest in the area of the disease. 

It is expected that within three weeks the fusion will be strong enough 
to produce the effect of rest. This effect is often demonstrable in four 
months. If roentgenographic evidence of a lessening of the disease 
activity is not present in from six to eight months, either the fusion is not 
solid or some of the unknown factors cited are stronger than estimated. 

It is hoped that the fusion will prevent an increase in the kyphos, but 
this is not expected in all cases. It is not expected that a fusion of the 
posterior elements will hold apart vertebral bodies when an intervening 
one has been totally destroyed. Increase of the kyphos is expected to 
stop as soon as the repair tissue and the converging vertebral bodies offer 
a supporting strength, which, combined with the strength of the fusion, 
equals that of the deforming factors. This arrest of the deformity is 
expected to occur much sooner than it would without the fusion, and the 
deformity is not expected to increase thereafter. If this effect is not evi- 
dent in from six to eight months, either the fusion is not solid or the 
disease is progressing. 
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Fig. 3-A Fia. 3-B 


Illustrating control of deformity and growth of spine. The patient had a 
history of symptoms of one year’s duration when fusion was done in 1925 at the 
age of three years. The lesion in the ninth and tenth thoracic vertebrae was 
advanced; that in the second and third lumbar vertebrae was in the e arly stage. 
A two-stage fusion, extending from the sixth thoracic vertebra to the fourth 
lumbar vertebra, inclusive, was done. The patient was ambulatory in five 
months. The condition fifteen years after fusion was excellent. 

Fig. 3-A: Preoperative film. 

Fig. 3-B: Eight years after fusion operations, showing solid fusion, bony 
ankylosis of the diseased vertebrae, no deformity, and growth of spine in the 


fused segment. 


It is expected that paravertebral abscesses will tend to disappear if 
they are dependent for their contents on the activity of the vertebral 
lesion, which effect is frequently observed as early as the fourth month. 
It is not expected that a spine fusion will have any but an indirect effect 
on soft-tissue tuberculosis, such as abscesses and sinus tracts where tuber- 
culosis granulation tissue is actually established in the soft tissues. 

In children, it is expected that, with the cessation of tuberculous 
activity in the vertebral bodies, the latter will grow in height throughout 
the fused segment to the extent potential in the growth factors which 
have survived the ravages of the disease. 

It is expected that, after a successful fusion, it will be safe to permit 
a patient to be ambulatory at a relatively early date, partly because of 
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the support in the fusion mass, and partly because the repair processes are 
expected to be well advanced. 

It is expected that the repair processes once initiated after a success- 
ful fusion will continue to a point where the roentgenographic appearance 
of the previously diseased bone is entirely healthy, whether or not actual 
bony ankylosis takes place. When this point is reached, the danger of a 
recurrence of active tuberculosis in that area is not feared. This rela- 
tively normal appearance of the bone is the ultimate end result expected 
to occur after a successful spine fusion. 

There is no hesitation in saying that these effects are not observed in 
every patient, or in recognizing that numerous complications and un- 
toward results occur. However, as it is the purpose of this paper to 
emphasize briefly the demonstrable, beneficial, perhaps specific effects 
which do follow the majority of 
spine-fusion operations, particu- 
larly in young children, the com- 
plications, important as they are, — 


‘cannot be discussed fully. 
It however, 


should be said, 
that the two chief causes of an un- 
successful outcome after a fusion 


are the inability of the patient’s 


Fia. 4-A Fig. 4-B 

Illustrating course of a lumbar lesion. The patient had a history of symptoms 
of five months’ duration when fusion was done in 1925 at the age of three years. 
The lesion involved the second, third, and fourth lumbar vertebrae, and the fusion 
extended from the twelfth thoracic vertebra to the fifth lumbar vertebra, inclusive. 
The patient was ambulatory in five months. The condition fifteen years after 
fusion was excellent. 

Fig. 4-A: Preoperative film. 

Fig. 4-B: Fourteen years after fusion, showing bony ankylosis of the diseased 
vertebrae with apparent loss of the third lumbar, slight deformity, healthy bone, 
and growth of the bodies in the fused segment. 
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tissues to resist tuberculosis and the failure of the fusion to become solid 
or to cover a sufficient number of vertebrae. The first cause the surgeon 
can do little about; the second is to a considerable extent in his hands. 
Should a failure of fusion be suspected, the region should be explored 
without delay, and, if a pseudarthrosis is found and successfully repaired, 
the expected sequence of effects will usually follow. It must be obvious 
that a fusion which is not solid can in no way fulfill the purposes for which 
it was performed, and that a patient whose powers of resistance are ex- 
hausted or inadequate will not respond in the expected manner. 

The most important data on the end results of the patients studied 
are presented in the following series of tables. 


TABLE I 


ANALYSIS OF MATERIAL (1911-1930) oN wuicu Stupy Is Basep 


No Per Cent. 
Patients included in study. 584 71.48 
Patients lost before 5-year follow-up. ................. 233 28 .52 
Total patients operated 817 100.00 
Patients 10 years of age and under.................. | 332 56.85 
Patients over 10 years of age....................4.. | 252 43.15 


It is seen in Table I that 817 patients with tuberculosis of the spine 
were operated upon in this period and that 584, 71 per cent., have been 
followed for at least five years or are known to be dead. This figure is 
worth emphasizing, as well as the number of children in the group. If the 


TABLE II 


CuinicaL Data* 


Ages of Patients 


1 to 10 Years 11 Years and Over Combined Groups 


(259 Cases) (157 Cases) (416 Cases) 

Symptoms present less than 1 | 
per cent. 29 per cent. 44 per cent. 
Previous treatment......... | 3ddpercent. | 52 per cent. 43 per cent. 
Lesion active at fusion. ..... | 83 per cent. | 68 per cent. 77 per cent. 

Patient recumbent over 4 | 
months afterfusion....... | 17 per cent. | 8 percent. | 13 per cent. 

Follow-up period of over 10 | 
64 per cent. 54 percent. | 61 per cent. 
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children were to be divided into smaller age groups, it would be found that 
160 of them were less than five years old. The youngest child who had a 
fusion was nine months old at the time, but, unfortunately, he was lost 
after having made an amazing and rapid recovery during the two years 
he was under observation. 

Table II is based on the living patients, the 168 who died not being 
included. It is interesting to compare the children with the older indi- 
viduals under the various headings. Previous treatment means that the 
patient had had some sort of so-called conservative treatment, but it is 
not possible to say whether or not this could be called adequate treatment 
except in a few instances. Of the group as a whole, 77 per cent. had 
active lesions at the time of fusion, while the children’s percentage of 
activity was 83. The period of recumbency is important to note, and it 
will be seen that only 13 per cent. of all these 416 patients were kept in 
bed longer than four months after the operation. Or, conversely, 87 per 
cent. of the patients were ambulatory at the end of four months. At the 
present time the period of recumbency would be longer—six to 12 months 

—as it is believed that some increases in the kyphos will be prevented if 
the fusion has a longer time in which to solidify before the patient is 
allowed up. The fact that ten-year follow-up examinations have been 
obtained in 61 per cent. of the patients included in this study makes it 
clear that many observations have been made on these patients. 

Table III needs little comment except to say that the number of 
pseudarthroses is high and indicates the need of constant vigilance to 
detect its presence. Eleven patients needed other operations before a 
solid repair of the pseudarthrosis was accomplished, and one of them, even 
after five attempts, still has a crack at the apex of the kyphos. It brings 
out also the point that one must be prepared to do a secondary fusion if 
the first one was too short or if the disease progresses in vertebrae which 
were not diagnosed originally as diseased. 

There have been 168 known deaths among the 584 patients, and 


TABLE IIT 


Causes oF DELAYED RESULTS 
Ages of Patients 


1 to 10 Years 11 Years and Over Combined Groups 


(332 Cases) (252 Cases) (584 Cases) 
Pseudarthrosis in fusion... . . 13 per cent. 16 per cent. 15 per cent. 
Pseudarthrosis after repair 8 patients 
Third pseudarthrosis... . . 3 patients 
Vertebrae added for short 
8 per cent. 1 per cent. 5 per cent. 
Fusion for new lesion in an- 
other region............. 2 per cent. 3 per cent. 3 per cent. 


VOL. XXII, NO. 3, JULY 1940 


| 

. 

i 


822 W. E. SWIFT 


TABLE IV 
CausEs OF DEATH 


Ages of Patients 


1 to 10 Years 11 Years and Over Combined Groups 


(73 Cases) (95 Cases) (168 Cases) 

Tuberculous meningitis... . . 26 per cent. 11 per cent. 18 per cent. 

Tuberculosis of lungs. ...... 7 per cent. 17 per cent. 13 per cent. 

Other forms of tuberculosis. . 23 per cent. 21 per cent. 22 per cent. 
Postoperative shock and in- 

EEE bee 4 per cent. 5 per cent. 5 per cent. 
Miscellaneous, non-tubercu- 

40 per cent. 46 per cent. 42 per cent. 


Table IV lists the various causes, the percentages being based on the total 
deaths. Again it is interesting to compare the two age groups and to note, 
for example, how many more of the younger patients than the older ones 
died of meningitis, while the opposite is true for pulmonary tuberculosis. 
It may be pointed out that 53 per cent. of the deaths were caused by some 
form of tuberculosis. This represents eighty-eight patients and means 
that 15 per cent. of the 584 patients died of tuberculosis. 

The figures for shock and infection represent a single death in an 
adult from a streptococcus wound infection, four instances of true shock 
in adults, and three in children. Here is one of the real hazards in this 
treatment for tuberculosis of the spine, and yet it seems a relatively small 
one when compared with the tremendous benefits which have accrued to 
the living patients. When these eight deaths are calculated on the basis 
of the entire series of 584 patients, the actual operative mortality is found 
to have been only 1.4 per cent. 

Further analysis of the deaths shows that 34 per cent. of them oc- 
curred within one year of the fusion operation; 38 per cent. of the children 
and 31 per cent. of the older individuals were in this group. Forty-eight 
per cent. of the patients who have died had relatively active lesions at 


TABLE V 
RESULTS OF OPERATION IN 584 CASES 


Ages of Patients 


1 to 10 Years 11 Years and Over Combined Groups 


(332 Cases) (252 Cases) (584 Cases) 
Excellent, early............ 54 per cent. 44 per cent. 50 per cent. 
Excellent, delayed......... 18 per cent. 9 per cent. 14 per cent. 
Failure, but patient is living. 6 per cent. 9 per cent 8 per cent. 
22 per cent. 38 per cent. 28 per cent. 
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the time of operation, as judged by the fact that they had had symptoms 
for less than one year, and in this group 59 per cent. were under ten years 
of age, while 38 per cent. were older. 

Table V shows the end results of all the patients grouped according 
to their final clinical and roentgenographic examinations. The patients 
who are in good condition clinically and whose roentgenograms show the 
tuberculous lesion to have entirely subsided are listed as having excellent 
results. These results are divided under two headings, early and delayed, 
for the purpose of indicating the large number of patients who recovered 
quickly and reached an excellent condition without any complication 
other than perhaps some increase in the kyphos. The delayed heading 
represents those patients who reached an excellent condition only after 
some complications, which slowed their progress. Some had pseudar- 
throses, which were repaired; others had very active lesions, which were 
slow in subsiding; and a few needed secondary operations to lengthen the 
fusion or to take care of a new focus elsewhere in the spine. It must be 
emphasized that in each division the results for the children are better, 
and that the combined headings show excellent results in 72 per cent. of 
the children and 53 per cent. of the older patients. 


SUMMARY 


1. Spine-fusion operations for tuberculosis of the spine were per- 
formed on 817 patients in the twenty-year period 1911 to 1930. Seventy- 
one per cent. of these patients were followed for at least five years; of 
these, 61 per cent. were followed for periods of from ten to twenty-four 
years. 

2. The demonstrable and expected benefits of a successful spine 
fusion are: 

a. Rest to the diseased area; 

b. Subsidence of the activity of the lesion at an early date; 

c. Maintenance of the kyphos at the minimum amount of deform- 
ity; 

d. Growth of the vertebral bodies in the fused area in children; 

e. Possibility of the patient’s being ambulatory at an early date; 

f. Attainment of a permanent healthy roentgenographic appearance 
of the diseased vertebrae. 

3. Excellent results were obtained in 72 per cent. of the children and 
in 53 per cent. of the older patients. 
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TREATMENT OF TUBERCULOSIS OF THE SPINE 
BY MATHER CLEVELAND, M.D., NEW YORK, N. Y. 


An attempt to study a single manifestation of a disease so protean as 
tuberculosis is difficult and perhaps unwise. One excuse for selecting the 
invasion of the vertebrae and the intervertebral joints by tuberculosis 
may be the relative frequency of this lesion. The weight-bearing joints 
are involved in about 95 per cent. and the vertebral joints in 52 per cent. 
of all instances of joint tuberculosis. 

This discussion is based on 173 consecutive cases of tuberculosis of the 
spine treated surgically at Sea View Hospital from 1924 to 1934, inclusive, 
and thirty consecutive cases from St. Luke’s Hospital similarly treated 
from 1930 to 1938. In the time allowed, only the barest details can be 
presented, and an attempt will be made to answer certain categorical 
questions asked by the Chairman. 

It is my belief that the answer to the problem of joint tuberculosis, 
including tuberculosis of the spine, lies not in methods, techniques, surgi- 
‘al procedures, alpine sunlight, ete., but in more fundamental and often 
ignored factors,—that is, the extent of invasion by the tubercle bacillus 
and the patient’s reaction to this disease. An attempt to classify these 
patients according to the severity of the infection has been previously 
presented, but it is necessary to repeat this to clarify the argument. 
There are four groups ranging from minimal to maximal involvement by 
the disease: 

Group A: Patients with no evidence of pulmonary tuberculosis. This, 
an easily recognized group, consisted of seventy patients, 34.48 per cent. 
of the whole number, with tuberculosis of the spine but no pulmonary 
involvement. The mortality was 11.42 per cent. Death in this group 
usually occurs from prolonged suppuration and attendant amyloid disease. 

Group B: Patients with pulmonary tuberculosis and negative sputum, but 
with no metastatic spread to other organs. There were fifty-six patients in 
this group with arrested pulmonary disease. During their hospital stay 
their sputum examination had always been negative. Their mortality 
was 7.14 per cent. 

Group C: Patients with pulmonary tuberculosis and positive sputum. 
There were forty-five patients who had positive sputum at some time or 
throughout their hospital stay. They showed a mortality of 44.44 per 
cent. 

Group D: Patients with pulmonary tuberculosis and negative sputum, and 
with metastatic spread to other organs. ‘This group of thirty-two patients, 
in whom metastatic spread of the disease developed, showed a mortality 
of 68.75 per cent. For the most part they were overwhelmed by the 
disease and predestined to failure to survive. Such patients are apt to 
have invasion of gastro-intestinal or genito-urinary tracts or lymph glands, 
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and often miliary tuberculosis ultimately develops. There is no certain 
means of recognizing patients in this group until they have declared them- 
selves definitely. Once they are established in Group D, it is foolhardy 
to attempt any surgery except of a palliative nature. Having watched 
the development of metastatic spread in these patients in the wards prior 
to any surgery, I doubt very much if the surgical procedure plays any part 
in dissemination of the disease. 

Since Groups A and B showed a combined mortality of 9.52 per cent., 
and Groups C and D showed a mortality of 54.54 per cent., it must be 
obvious that the success or failure of any type of treatment, in a given 
series of cases, will depend upon which groups form a majority of the 
patients in that series. (See Table I.) 


Duration of Symptoms 

For the entire group of 203 patients, the average time between the 
onset of symptoms and the operative treatment was over three years. 
Rarely is the disease recognized in these patients within six months of 
onset, and it takes a much longer time for them to come under the care of 
an orthopaedic surgeon. Only 15 per cent. of the Sea View patients were 
admitted within a year of onset, while at St. Luke’s Hospital, 50 per cent. 
were seen within a year and 16 per cent. within six months of onset. The 
importance of earlier recognition and treatment of these patients should be 
emphasized. 

TABLE I 


Morva.ity IN RELATION TO EXTENT OF SYSTEMIC TUBERCULOUS INFECTION IN 
203 PATIENTS WITH TUBERCULOSIS OF THE SPINE 


Sea View Hospital St. Luke's Hospital Entire Group 
Group 
Patients Deaths Mortality Patients Deaths Mortality Patients Deaths Mortality 
(No.) (No.) |(PerCeu.)| (No.) (No.) |(Per Cent.)| (No.) No. Per Cent.) 
A: Patient with no evi- 52 7 13.46 18 1 5.55 70 Ss 11.42 
dence of pulmo- 
nary tuberculosis 
B: Patients with pulmo- 50 4 8.00 6 0 0.00 56 4 7.14 
nary tuberculosis 
and negative spu- 
tum, but with no 
metastatic spread 
to other organs 
C: Patients with pulmo- 40 18 45.00 § 2 40.00 45 20 44.44 
nary tuberculosis 
and positive spu- 
tum 
D: Patients with pulmo- 31 21 67.74 1 1 100.00 32 22 68.75 


nary tuberculosis 
and negative spu- 
tum, and with 
metastatic spread 
to other organs 
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I shall take no time to discuss the subject of diagnosis of tuberculosis 
of the spine except to say that it is not always simple and that the classic 
pattern of physical signs and roentgenographic evidence is not always 
followed. 


Area of Spine Involved 


These patients showed involvement of every vertebra from the atlas 
tothe sacrum. The vast majority of the lesions were in the lower thoracic 
and upper lumbar vertebrae. (See Chart 1.) 


Paraplegia 

Spinal-cord pressure, caused by an extradural abscess, varies from 
slight spasticity with hyperactive reflexes to complete paralysis with 
anaesthesia and loss of control of anal and urinary sphincters. This 
occurs in all age groups. There were forty-eight of these 203 patients 
who gave evidence of spinal-cord compression. Of these, seventeen 
showed mild or incomplete compression, which cleared up rather quickly 
with rest in bed. The remaining thirty-one, who gave evidence of serious 
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spinal-cord compression with complete paraplegia, presented a graver 
problem. In thirteen of these thirty-one, or 41.93 per cent., the paraplegia 
developed prior to operation; in eighteen, or 58.06 per cent., the paralysis 
developed following operation, in periods of time varying from six months 
to several years after the surgical procedure. Of these thirty-one com- 
pletely paralyzed patients, seventeen recovered their motor power and 
survived the disease. Of the fourteen who failed to recover from the 
paraplegia, all but one have died of the disease,—a mortality rate of 
41.93 per cent. for those patients with complete paraplegia. Although 
prior to 1930 a number of laminectomies were performed on these patients, 
we now feel that surgical fusion of the spine and prolonged bed rest offers 
the best means of treatment. Paraplegia is found most frequently in 
patients with disease of the thoracic spine. The apex of maximal involve- 
ment in these forty-eight patients was at the seventh and eighth thoracic 
vertebrae. (See Chart 2.) 


Abscesses 

Paravertebral, mediastinal, or psoas abscesses are present in a very 
high percentage of these patients. Abscesses were noted in 68 per cent. 
of the Sea View patients. Because of this high frequency, the patients 
in the smaller St. Luke’s series were carefully checked for this condition. 


Fic. 1-A 
January 28, 1932 
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Only 23 per cent. showed clinical evidence of an abscess, while 80 per cent. 
showed roentgenographic evidence. In addition to this, post-mortem 
examination in two cases revealed an abscess which had not been dis- 
covered either by clinical or by roentgenographic means. This made the 


Fic. 2-A 
November 26, 1932 


Case 2. G. F. (St. 
Luke’s Hospital, No. 
A20876), a boy, three 
years of age, was seen in 
November 1932, with tu- 
berculosis of the sixth and 
seventh thoracic verte- 
brae, which later extended 
to include the fifth and 
eighth thoracic vertebrae. 
On December 9, 1932, a 
six-vertebrae fusion, from 
the fourth thoracic verte- 
bra to the ninth thoracic 
vertebra, inclusive, was 
done. The patient was 
kept in bed for a total of 
eleven months atSt. Luke’s 
Hospital and St. Luke’s 
Convalescent Hospital; 
his total hospital stay 
was fifteen months. The 
latest follow-up examina- 
tion, on June 3, 1939, 
showed solid fusion, clini- 
cally and roentgenograph- 

Fie, 2-B ically—an excellent result, 
December 8, 1932 six and one-half years 
after operation. 

Preoperative photographs and roentgenograms, and those taken at the latest follow-up 
are shown for comparison. 
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Fig. 2-D 
June 3, 1939 


known incidence of abscess 86 per cent. While suppuration is a major 
phenomenon of this disease, only a small number of the abscesses required 
treatment. Repeated aspiration is the treatment of choice, although 
incision and drainage with suture of the wound may be necessary. 

The stage beyond the abscess shows clinically the presence of a 
sinus, which may have occurred spontaneously or may have been the 
result of heedless surgery. The sinus, of course, predisposes to secondary 
infection, prolonged suppuration, and, at times, death from amyloid 
disease. Twenty-two per cent. of the Sea View patients had sinuses, and 
of these over 50 per cent. have died. At St. Luke’s Hospital, only 13 per 
cent. of the patients had sinuses; in all but one case the sinuses healed, 
and the patients recovered from the disease and had excellent results. 
The patients who recovered belonged in Group A, so once again the fate 
of the patient is seen to be controlled by intrinsic factors already men- 
tioned rather than by extrinsic infections. 


Spontaneous Fusion 

Since spontaneous fusion of the vertebral bodies and laminae con- 
stitutes a criterion of healing in patients who are treated by so-called 
conservative measures, it is quite proper to consider this phenomenon in 
some detail. In my experience, the spine is the only joint invaded by 
tuberculosis which shows this attempt at reparative process. Forty-eight 
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CHART 3 


Spontaneous fusion, showing in a total of forty-eight patients the relation be- 
tween vertebrae involved in the disease and those spontaneously fused. The broken 
line designates the vertebrae spontaneously fused, while the continuous line desig- 
nates those involved by the disease. The total number of vertebrae spontaneously 
fused, 226, is less than the number of vertebrae involved by the disease, 240. 


of these 203 patients, or 23.64 per cent., showed some spontaneous fusion. 
The average duration of the disease prior to operation in these forty-eight 
patients was six years and nine months, which is over twice as long as the 
average duration for all patients. These patients with spontaneous 
fusions fall into two groups: (1) those patients with a long, sharp kyphos 
with massive vertebral destruction in whom operation revealed an average 
spontaneous fusion of five or six vertebrae (this group forms the great 
majority of those patients with spontaneous fusion); and (2) those pa- 
tients with a mild kyphosis and spontaneous fusion of two or three verte- 
brae (a much smaller group). The longest spontaneous fusion encoun- 
tered was twelve vertebrae. Chart 3 shows the relation between the 
vertebrae spontaneously fused and those involved in the disease. Since 
there were 240 diseased vertebrae in these forty-eight patients and 226 


VOL, XXII, NO. 3, JULY 1940 


wails 
‘ 
‘ | 
a” 
| 
on 
NSS 
|| 
| 
| 
spontan- | 
eously 
fused ----- 


834 MATHER CLEVELAND 


vertebrae which spontaneously fused, one can readily appreciate that the 
disease is ahead of the reparative process. Spontaneous fusion requires 
many years and usually entails serious deformity of the spine, and in the 
end these patients are not adequately protected against the disease. 


TREATMENT 


The surgical treatment of these 203 
patients has been fusion of the spine of the 
Hibbs type with a number of minor varia- 
tions in technique. Frequently addi- 
tional bone is taken from the ilium and 
occasionally from the tibia to reinforce the 
area. The function of this operative in- 
tervention is to secure early and adequate 
immobilization by an intrinsic brace of 
solid bone. In principle, it follows the 
accepted treatment for tuberculosis in 
general,—rest. The diseased area is put 
at complete and permanent rest, if the 
operative technique is successful. To 
consider the fusion of the diseased spine 
as a cure is quite erroneous. Its function 


3-A 
June 7, 1933 is purely that of mechanical support. All 


3-B 
June 2, 1934 
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TABLE II 
AGE INCIDENCE IN PATIENTS WITH TUBERCULOSIS OF THE SPINE 


Sea View St. Luke's 

Age Hospital Hospital Total 

(Years) (Cases) (Cases) (Cases) 
1 to 10 | 33 10 43 
11 to 20 27 6 33 
21 to 30 50 4 54 
31 to 40 | 28 4 32 
41 to 50 23 3 26 
51 to 60 10 3 13 
Over 60 2 0 2 
Total 173 30 203 


the various supportive measures must be used with bed rest for nine to 
eighteen months after operation. The fusion by surgery accomplishes in 
from six to nine months what it takes nature from five to six years to 
achieve. 

Because of inability to detect roentgenographically very early mani- 
festations of vertebral invasion by tuberculosis, it is preferable to extend 
the fusion from two apparently sound vertebrae above the diseased area 
to two similar vertebrae below. This usually means a minimal fusion of 
six vertebrae. Longer fusions may have to be done in two or more stages. 
We have a good many satisfactory four-vertebrae fusions, which have 
arrested the disease. A plaster jacket or brace helps to ensure certainty 
of success. 

The argument is frequently offered that, while fusion of the spine for 
adults with vertebral tuberculosis may be a suitable form of therapy, it is 


TABLE III 
ANALYSIS OF DEATHS IN RELATION TO AGE 


Sea View Hospital St. Luke's Hospital Entire Group 


Age 


(Years) Patients | Deaths | Mortality | Patients | Deaths | Mortality | Patients) Deaths | Mortality 


| (No.) (No.) | (Per Cent.)| (No.) (No.) | (Per Cent.)| (No.) | (No.) | (Per Cent.) 

1 to 10 | 33 | 3 9.09 1 | 1 | 10.00 | 43 | 4 | 9.30 
11 to 20 27 s 29.62 6 1 | 16.66 | 33 | 9 | 27.27 
21 to 30 50 17 | 34.00 + | 0 | 0.00 | 54 | 17 | 31.48 
31 to 40 28 10 35.71 7% 25.00 32 1 34.37 
41 to 50 23 7 30.43 3 0 0.00 26 7 26.92 
51 to 60 10 5 50.00 3 1 33.33 13 6 46.15 
Over 60 2 0 0.00 0 0 0.00 2 0 0.00 
Total 173 50 28.90 30 4 13.33 | 203 54 26. 60 
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TABLE IV 
ENp REsuULTs OF TUBERCULOSIS OF THE SPINE IN 203 Cases 
Average 


Rating Patients Per Cent. Time After 
Operation 


Sea View Hospital—173 Cases: 


Excellent 91 52.60 3 years, 914 months 

Uncertain 32 18.49 2 years, 8 months 

Died 50 28.90 14 months 
St. Luke's Hospital—30 Cases. 

Excellent 19 63.33 4 years, 94% months 

Uncertain 7 23.33 2 vears, 7 months 

Died 4 13.33 11 months 
Total—203 Cases: 

Excellent 110 54.18 3 years, 10 months 

Uncertain 39 19.21 2 years, 8 months 

Died 54 26.60 134% months 


quite unsuitable, not to say dangerous, for children. There is nothing in 
our experience to justify such a point of view, and there is a great volume 
of evidence to contradict it. Of these 203 patients treated surgically, 
37.43 per cent. were under twenty-one years of age and 21.18 per cent. 
were in the first decade of life (Table II). The disease is essentially one 
of childhood, adolescence, and early adulthood. It is interesting to note 
that the children under ten showed a mortality of only 9.3 per cent. 
(Table III). Of the forty-three patients under ten years of age, there 
were thirteen under five. Among these infants were found some of our 
very best results. Fusion, which takes place rapidly in these youngsters, 
saves them years of hospitalization during the most important period of 
their lives. It retards deformity, although in the thoracic spine it will not 
prevent a kyphos. In this area, the deformity tends to increase until 
diseased vertebrae settle into contact with sound vertebrae above and 
below. Fusion does not retard growth, as may be seen by careful study 
of roentgenograms. Any loss in height depends upon the amount of 
vertebral destruction. The average rate of growth for our children oper- 
ated upon before the age of five years has been a little over two inches per 
year for a five-year period. The average for the normal child during this 
same period is a little under two inches per year. 


Pseudarthrosis 


Among these 203 patients, there were successful fusions at the first 
operation in 176 instances, or 86.69 per cent. Known failure of fusion, 
which was repaired, was present in 7.4 per cent., and 6 per cent. of the 
patients can only be classified as unknown in regard to certainty of fusion. 
Some of these left the hospital within a few months after operation, and 
their records are incomplete. It is altogether likely that an incidence of 
at least 10 per cent. of failure of fusion may be expected in the hands of 
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experienced surgeons, and that with lesser experience the incidence will 
be higher. 
END RESULTS 

The estimation of end results in this chronic, insidious disease is 
dificult and disappointing. After years of quiescence the patient may 
present evidence of virulent infection with tuberculosis, while the local 
joint lesion has been forgotten. To speak of these patients as being cured 
is almost as dangerous as it is to consider a cancer patient cured. We can 
speak of five-year and ten-year results, but always with some reservation. 
For a number of years we have used a simple classification which is not 
rigid and is, of course, open to criticism: 

Excellent: Those patients with solidly fused spines, but with no active 
pulmonary disease, who have left the hospital to resume a relatively nor- 
mal life. 

Uncertain: Those patients with solidly fused spines, but with active 
pulmonary disease, metastatic spread, or prolonged suppuration. Some 
of these are still hospitalized, while many have left the hospital. There 
is no feeling of security for their future. 

Died: Concerning this group there is no argument, as it includes all 
those who died of tuberculosis. 

Each time these patients are subjected to recall for study, some 
changes in rating are noted. In the most recent study, the following 
changes occurred. In the excellent group there were five changes: Three 
patients formerly considered excellent must now be rated uncertain, be- 
‘ause of renewed activ‘ty of the disease; and two have died of the disease, 
each six years after operation, completely symptom-free as far as their 
spines were concerned. In the uncertain group, one patient has died and 
two patients have been promoted to the excellent group, six years after 
operation. These illustrations are cited to show the difficulties encoun- 
tered in attempting to state categorically end results for these patients 
whose conditions fail to remain static. 

The great majority of our patients were operated upon at Sea View 
Hospital on Staten Island. This Hospital has no out-patient department, 
and on discharge the patients scatter through the five boroughs of the 
city. Many are transients, and they all move frequently. Often they 
are lost to follow-up. Of these 173 Sea View patients we have a 60 per 
cent. follow-up to date. At St. Luke’s, in the smaller series, we have a 
90 per cent. follow-up to date. The end results in these 203 cases (Table 
IV) are as follows: 

Excellent, in 54.18 per cent., followed for an average of three years 
and ten months. 

Uncertain, in 19.21 per cent., followed for an average of two years 
and eight months. 

Died, in 26.6 per cent., at an average of thirteen and one-half months 
after operation. The smaller St. Luke’s series shows 63.33 per cent. with 
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excellent results and 13.33 per cent. who died. This is explained by 
the far higher incidence of St. Luke’s patients in Groups A and B. 

In response to certain other categorical questions propounded by the 
Chairman, I shall answer as follows: 

1. Five-year results: There are fifty patients who have been followed 
for five years or more. Two of these have died, each six years after opera- 
tion. The remaining forty-eight have excellent results and have been 
followed for an average period of slightly more than seven years. 

2. Healing of vertebral lesions: This is accomplished by fusion either 
of the vertebral bodies or of the laminae with recalcification of the diseased 
bodies and subsidence of clinical symptoms. The diseased vertebrae tend 
to settle together until sound or recalcified bodies are in contact. 

3. Factors responsible for healing: The patient’s general reaction to 
tuberculosis is, we believe, the most important single factor in healing. 
If he falls into Groups A and B, his chances of healing are excellent; if he 
belongs to Group C, his chances are fair or worse; and, finally, if he falls 
into Group D, his chances are poor. 

4. Cause of death: This is usually tuberculosis. 

5. Relapses: In a small group of fifty patients with excellent results, 
with an average follow-up of seven years, only two, after six years, have 
died of tuberculosis. 

CONCLUSIONS 

I believe that surgery offers a chance to rehabilitate these seriously 
ill patients in a shorter time than any other method. Spontaneous fusion 
requires, on an average, Over six years. 

The mortality in this disease is high,—26.6 per cent. in the 203 
consecutive patients in this series. 

With adequate surgery, a high percentage of excellent results and a 
low mortality may be expected in patients in Groups A and B. 

Patients with positive sputum in Group C present a definite risk. 
Every effort should be made to control the pulmonary disease before 
surgery may be reasonably attempted. 

Patients in Group D, who have declared their group by definite 
evidence of metastatic spread, have a mortality of almost 70 per cent., 
and no surgical treatment other than emergency measures to relieve pain 
should be attempted. 

In this series, 62 per cent. of our patients were in the more favorable 
Groups A and B. The 38 per cent. in Groups C and D were carefully 
selected for surgery. This should be borne in mind, as any indiscriminate 
selection of patients for surgery from these less favorable groups will result 
in an appalling mortality. 
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TUBERCULOSIS OF THE SPINE: TREATMENT AND RESULTS 


BY HENRY W. MEYERDING, M.D., ROCHESTER, MINNESOTA 


Section of Orthopaedic Surgery, The Mayo Clinic 


Our recognition of the fact that tuberculosis of the spine is a second- 
ary focus of a generalized disease has influenced our attitude in the treat- 
ment of the condition by means of surgical fusion. We consider surgical 
fusion as an aid in the treatment, not a cure, and have emphasized the 
paramount importance of prolonged recumbency, heliotherapy, fresh air, 
and abundant good food. Our patients have frequently shown tubercu- 
lous involvement of other organs of the body, especially of the lungs; ab- 
scess formation and spinal cord irritation, with or without sinus formation, 
have at times complicated the treatment and affected the results obtained. 
Although we have made a diagnosis of tuberculosis of the spine in 2080 
patients during the twenty-three-year period from 1912 to 1934, inclusive, 
we have performed surgical fusion for only 480 patients, or 23 per cent. 
In this group of 480 patients, the average age was more than thirty years, 
and the average duration of symptoms was 2.5 years; more than 50 per 
cent. of these patients had not had previous treatment. Thus, this con- 
stitutes a series of cases that differ in type from those reported by some 
authors working in other orthopaedic centers. Of our 480 patients, only 
4 per cent. were children, operation having been carried out principally 
during the earlier years of our experience. Only rarely do we perform 
operation for fusion of the spine in children now, as we prefer to carry out 
conservative measures. 

In 1911, the reports made by Albee and Hibbs were enthusiastically 
received by the profession, and many surgeons, no doubt, believed that 
surgical fusion would quickly cure the condition without the necessity of 
the usual careful and prolonged conservative treatment. As the experi- 
ence of the profession grew, however, a gradual change of attitude became 
evident, especially among those physicians whose practice was principally 
among children. As time passed, reliable observers reported the results 
of their treatment in surgical and non-surgical cases. In 1916, Henderson 
stated: ‘‘For some unknown reason, transplantation of bone is not so 
uniformly successful in children as it is in adults.’”’ Girdlestone, in 1919, 
was enthusiastic about the benefits of Albee bone grafts. Platt stated 
that the results had been better in the adult patients treated by this 
method than in the children so treated; McMurray thought that use of the 
graft was ideal for the adult patient, especially in the lumbar region of the 
spine, but he used conservative treatment for children. In 1927, Kidner 
and Muro reported the results of a comparative study of seven patients for 
whom operative treatment had been carried out and of seven for whom the 
treatment had been conservative; they concluded that the period of healing 
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was of the same length in both groups, and they discontinued performing 
surgical fusion unless there was some special indication for it. Kidner 
and Muro then returned to treatment by means of the Bradford frame, 
which was used until healing had occurred. The after-care of those 
patients for whom surgical fusion had been performed was practically the 
same as for those for whom conservative measures had been used, and 
these authors felt that any shortening of the period of convalescence was 
not worth while, and that the spines of the patients not operated upon 
showed more flexibility than those of patients who had had fusion opera- 
tions. Later, other authors went further and said that operation to 
produce fusion of the spine delays healing of the tuberculosis (Cato, in 
1937; McKee, in 1937; and Finkelstein, Jahss, and Mayer, in 1938). 

In 1927, Allison and others abandoned surgical fusion as a thera- 
peutic measure for tuberculosis of the spine in children. Calvé, Kleinberg, 
and the Commission of the American Orthopaedic Association in 1920, as 
quoted in 1935 by Compere and Jerome, concluded that operation to pro- 
duce surgical fusion of the spine is best after prolonged conservative treat- 
ment and quiescence of the disease. Fusion of the spine was then con- 
sidered by many as a useful splint to be applied internally as an aid in the 
healing process, the healing being judged from the roentgenograms 
(Rollier). Albee has expressed the belief that surgical fusion should be 
performed for all patients, if the risk is not too great; that vascularization 
of the graft carries an increased blood supply to the diseased region and 
thus aids in the healing process; and that paraplegia, paravertebral and 
psoas abscesses, fever (unless from secondary infection), a second focus of 
tuberculous infection, and drainage away from the field of operation are 
not contra-indications to operation. 

In 1936, Calvé and Galland stated: “‘The evolution of Pott’s disease 
lasts a little more than three years. Throughout this period, the patient 
must remain recumbent, rigorously immobilized upon the plaster bed. 
. . . This procedure [osteosynthesis] should be carried out only at the 
end of treatment. . . . If the operation is performed earlier, it interferes 
with the process of consolidation of the posterior segments of the verte- 
brae. . . . It delays the evolution of the disease, but does not arrest it. 
It does not prevent increase of gibbus, formation and persistence of 
abscess, or paraplegia.”” In 1935, in his Hunterian Lecture, Seddon 
stated: ‘When a number of vertebrae have been destroyed, angulation 
begins early and continues for years. No external form of fixation will 
prevent this if the patient is active and in children grafts are ineffective. 
It is difficult to hold the head and chest by posterior fusion when acute 
angulation has occurred.”’ Seddon believed that rest in hyperextension 
and traction are useful; and when destruction has ceased and recalcifica- 
tion and improvement in definition of bone has occurred, when the bones 
have fallen together, and when compensatory curves have developed and 
the disease has become quiescent, surgery may be useful. Compere and 
Jerome, in 1935, reported a series of fifty-six cases, in twenty-eight of 
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TABLE I 
DISTRIBUTION ACCORDING TO AGE AND SEX 


Age (Years) Patients Per Cent. 
Sex Patients Per Cent. 


which the patients were less than twelve years of age. These authors 
believed that operation gives adequate support to the spine of a: child 
provided enough bone is used,—that is, if two vertebrae above and two 
below the region of involvement are included; furthermore, if there is no 
deformity before operation, it does not develop after operation. 

Time does not permit further review of the divergent opinions on the 
subject or discussion of the factors involved, yet it would appear to me 
that the chronicity of the disease and its general character demand con- 
servative treatment in all cases, especially in those in which there is a low 
resistance. Whenever progressive tuberculous invasion has occurred, the 
prognosis is uncertain at best for several years, and the condition may 
progress until there are abscesses, paraplegia, sinus formation, deformity, 
and even death, whether or not operation is performed. The facts that 
operation aids in immobilization of the spine, that patients and relatives 
cooperate better when surgical treatment has been given, that most 
orthopaedic surgeons agree that fusion is advisable as an aid in strength- 
ening the healed tuberculous spine, and that operation can be performed 
without prohibitive risk would appear indicative of its usefulness. If we 
wait until the spine has healed and then operate, we are sure to obtain 
excellent results, and the usual complications and mortality rate will have 
been agreeably lessened. 

The distribution of age and sex in the 480 cases under consideration is 
recorded in Table I. There was a family history of tuberculosis in 16 
per cent. of the cases and no such history in 84 per cent. There was a 
history of trauma to the spine in 123 cases, or 25.6 per cent. The pre- 
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TABLE II 


Sires or Tuspercuvosis iv Cases with Positive History (241 Parrents, 
50.2 Per Cent. or Toran Cases) 


Sites Patients Per Cent. 

6230 
Lymph nodes... .... 2.49 


dominant occupations represented were manual labor (29.3 per cent.), 
housework (22.3 per cent.), and skilled work (15.4 per cent.). The sites 
of involvement of tuberculosis in cases in which positive histories were 
obtained are listed in Table II. The duration of symptoms in the entire 
group of 480 cases is given in Table III. The respective sites of the lesions 
as determined roentgenographically are shown in Table [V. At the time 
of operation, deformity was found in 351 cases, or 73.1 per cent. 

Abscess formation was present in 250, or 52 per cent., of the 480 cases 
at the time of operation. Of the remaining 230 cases in which abscess 
formation was not noted before operation, abscess was discovered subse- 
quently in twenty-two, or 9.6 per cent. Cave reported that he found 
roentgenographic evidence of abscess formation in 75 per cent. of his cases 
and clinical evidence of it in 25 per cent. It is our policy to leave the 
abscesses alone unless they are causing symptoms of pressure or unless 
there is bone absorption, as is found in the thoracic region. We believe 
that incision and drainage are rarely indicated and that aspiration, when 
necessary, should be performed through healthy tissue. Costotrans- 
versectomy may be of value in those cases in which thoracic abscesses 
have caused erosion of bone with irritation of the cord. We do not feel 
that the presence of an abscess is a contra-indication to operation; on the 
contrary, we agree with some who believe that it is an indication (Cato, 
Albee). When the patient’s general resistance is good, the abscesses seem 
to absorb more rapidly following fusion. Sinuses heal best when the 
patient is treated by immobilization and heliotherapy. When an abscess 
forms postoperatively, it is not necessarily caused by operation; the 
abscess usually is present and unrecognized until an increase in size or 
calcification occurs and is noticed. 

Ornstein and Ulmar, in 1935, were amazed at the extensiveness of 
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TABLE III 


DvuRATION OF SYMPTOMS 


Duration * Patients Per Cent. 


* Mean duration =2.5 years 


tuberculous destruction of vertebral bodies that can exist without symp- 
toms or signs of tuberculosis of the spine and without roentgenographic 
findings. Whitman found multiple foci of infection in the spine in sixteen 
cases of a series of 1355 patients, and Peabody reported them in thirteen 
of a series of 312. Finkelstein and his coworkers stated that in their 
series of cases, abscesses developed in 20 per cent. of those patients for 
whom operation was performed and in 18 per cent. of those not treated 
surgically. 

At the time of examination there was evidence of paraplegia or spinal 
irritation in eighty-four, or 17.5 per cent., of our 480 cases. Butler found 
that 11.4 per cent. of his 801 patients, seen at four English hospitals, had 
had the same complications. For those patients who were seen early, 
treatment was primarily conservative, unless abscess formation caused 
pressure absorption of bone with symptoms that progressed in spite of 
conservative care. In such instances, costotransversectomy may be of 


TABLE IV 


Regions Involved Patients Per Cent. 
1 0.21 
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Five-YEAR RESULTS WITH VARIOUS OPERATIONS (396 TRACED PATIENTS OUT OF 480 


OPERATED ON) 


Operations 

IMassive Graft] Hibbs Fusion| steal Graft 

Pa- Per Pa- Per Pa- Per Pa- | Per 

tients| Cent. | tients) Cent. | tients) Cent. | tients| Cent. 
Good, able to work........; 252 | 63.64 227 | 64.30 19 57.58 6 60.00 
31 7.83 26 7.36 12.12 10.00 

15 3.79 13 | 3.71 1 3.03 1 10.00 
Not improved.............| 25| 6.31] 21| 5.94| 3 | 9.09] 1 | 10.00 
Died within less than 5 years 3 18.43 18 69. 6 ‘18 18 1 10.00 
Total. 100.00 353 100.00 100. 00 10 100 00 


value. Patients with mild symptoms may experience paraplegia, due to 
the frequency with which the disease is situated in the thoracic spine where 
The majority of all patients 


respiration causes continuous movement. 
The operation to 


will respond to sun treatment and immobilization. 
produce fusion of an involved region of the spine, if undertaken at all, 
should be performed with the utmost care, and the chisel should be used 
without undue trauma to tissue and bone. Seddon, in 1935, stated his 
opinion concerning laminectomy; he said that it “is to be condemned; the 
results are appalling’. He, however, believed that it is indicated in some 
instances. Bennett believed that it is indicated for patients with para- 
plegia when there is no response to conservative treatment and when the 
Queckenstedt test is positive. Cave thought that spinal irritation or 
paraplegia, in the majority of cases, is due to constriction resulting from 
tuberculous granulation tissue or pressure oedema and rarely to bone de- 
formity, and he favored conservative treatment. We have noted that 
spinal irritation and paraplegia afflicted principally those patients who 
had neglected proper care of themselves. 

Fracture of a bone graft occurred in sixteen patients within five years 
of the time of operation; in seven of these, a second operation resulted 
satisfactorily. Several had had a second operation elsewhere. It was 
noted that there was an increasing deformity postoperatively in thirteen 
cases; in fourteen, there was drainage postoperatively with partial loss of 
the graft in six. Our surgical mortality in this series of 480 patients was 
less than 1 per cent. 

The interpretation of the results of treatment of tuberculosis of 
the spine—classifying the patients into two groups, those treated surgi- 
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‘ally and those treated by conservative methods—is an extremely difficult 
problem even under the best of circumstances. Possibly one might better 
say the conservative method and the conservative method plus surgical 
treatment, for the majority of orthopaedic surgeons have recognized that 
prolonged rest in recumbency, heliotherapy, and a nutritious diet are the 
primary basic forms of treatment and that surgical fusion is an aid in 
strengthening the natural ankylosing process. Many of our patients 
come from rural districts that are a considerable distance from the Clinie, 
and the majority of them have received little or no treatment. They are 
principally adult workers who have had symptoms for some time. In such 
a group of patients it is difficult to supervise postoperative care, and it is 
necessary for us to rely on the cooperation of the patient, the relatives, 
and the local physician. Furthermore, the average duration of symptoms 
of two and one-half years, during which time there was lack of treatment 
in 56 per cent., would indicate that the majority of these patients would 
have experienced considerable destruction of bone with complications 
such as deformity, abscesses, and irritation of the spinal cord. 

Inasmuch as our patients, In many instances, come to the Clinic 
without having had a diagnosis made and are unable to remain here for 
hospital care over a period of years because of economic reasons, we must 
give the best advice and treatment possible in the short time available 
and then refer them back to their local physicians for further postoperative 
care. Many times, patients who have had no care prior to their registra- 
tion at the Clinic come for examination and diagnosis and expect to return 
home and have treatment there. An estimate of the subsequent care and 
the results obtained in such cases is difficult to determine unless the pa- 
tient returns for examination or a report is obtained by correspondence. 
Of this series of 480 patients, we have been able to trace 396 for a period of 
five years or more. We have judged the result good when the patient 
has been able to return to an occupation, although not necessarily to the 
one which he may have been engaged in prior to operation. It is inter- 
esting to note, however, that many patients were able to return to an oc- 
cupation in which hard labor was required. It will be noted in Table V 
that 63.64 per cent. of the results have been classified as good, irrespective 
of the type of operation performed, and the results in those cases in which 
the patient had massive bone grafts were slightly better. There was im- 
provement over the original condition in 7.83 per cent., no improvement in 
6.31 per cent., and death had occurred within less than five years in 
18.43 per cent. There was temporary improvement in 3.79 per cent., but 
this was followed by relapses. 

Of the twenty-eight patients, who were less than sixteen years of 
age and who were operated on during the twenty-three-year period from 
1912 to 1934, sixteen had had conservative treatment prior to their regis- 
tration at the Clinic; one had had a manipulation, one had had a tubercu- 
lous lymph node removed, and ten had had no treatment. The site of the 
lesion was in the cervicothoracic region in one; in the thoracic region, in 
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thirteen; in the thoracolumbar region, in five; and in the lumbar region, in 
nine. At operation, massive grafts were applied to the spine in eighteen 
of these cases; a Hibbs fusion operation was performed in six; a Hibbs 
operation and massive graft, in two; and osteoperiosteal grafts, in two. 
The mean duration of the disease was twenty-one months, and in all 
‘ases deformity had occurred. One patient died of shock three days post- 
operatively. In twelve of these twenty-eight cases, the results were good; 
there was improvement in two, temporary improvement with relapse in 
one, and no improvement in four; four patients died within five years of 
date of operation, and we lost track of five. Abscesses were present in all 
cases preoperatively. These patients came for an opinion and treatment 
and remained in the hospital, as a rule, for only a few weeks, when they 
returned home to continue treatment under the care of their physician. 
No doubt, had they remained in an institution where continuous ortho- 
paedic treatment would have been carried out, the results would have been 
better than they were. It is fortunate that in recent years children are 
given the opportunity of hospitalization where prolonged preoperative 
and postoperative care, as well as conservative care, are given when 
indicated. 

In reviewing the records of this group of surgical cases, we were im- 
pressed by the fact that the result often appeared excellent and the patient 
felt that he had been cured, when some infectious process, such as in- 
fluenza, caused debility or injury or excessive strain and resulted in a 
relapse. On the other hand, some were able to carry on the heaviest 
type of labor, such as farm work and that of a telegraph lineman, without 
apparent harm. 

The results of any analysis of cases in which the patients are treated 
by surgical fusion will depend on the author’s interpretation of the facts 
and the duration of relief from symptoms, and will vary as to whether the 
results are tabulated at the end of one, three, five, or more years.  Inas- 
much as it is a common practice to report the results of treatment at the 
end of five years, I have done so in this report. Furthermore, the results 
are variable according to the method used in interpreting just what is a 
cure. When do we know that a patient who has had tuberculosis is cured? 
The spine may be fused posteriorly and the disease may appear quiescent, 
the patient may return to work and consider himself well, the roentgeno- 
grams may even appear to show evidence of calcification and absorption 
of the abscess, fever may have abated, and all pain may have been allevi- 
ated, yet living organisms persist in the region that has been affected by 
the disease. When fusion is produced, the region of involvement in the 
spine is immobilized, thus effecting something which no other form of 
fixation, such as that obtained by means of plaster jackets, braces, or re- 
cumbency, can bring about. In such cases, respiratory motion and other 
muscular movements no longer add their trauma to an already diseased 
tissue. Why, then, is it that we have heard so much about the failure of 
fusion? We cannot eradicate the disease in the spine as we do in some of 
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the more exposed articulations such as the knee, and we have no specific 
medication to produce a cure. These facts leave only the alternative of 
employing the conservative or the surgical-fusion methods of treatment, 
or a combination of the two. We believe that in selected cases a combi- 
nation of the two forms of treatment offers the best result. 

In 1919, I reported a series of 100 cases, in which the patients had had 
surgical fusion of the spine, and I expressed the following opinion: “It has 
been our experience that the most favorable results are to be obtained by a 
proper selection of patients to be operated on and the continuance of the 
conservative treatment after operation until, in the judgment of the sur- 
geon, the disease process has been arrested. The bone graft used in our 
‘ases was curved to fit the deformity. The very young and those adult 
patients who present formidable complications are treated conservatively. 
. . . Patients under five and adults who present complications, such as 
sinuses and pulmonary tuberculosis, should be treated by means of the 
Bradford frame . . . until the disease has been arrested. . . . In some 
instances when the general condition has improved, but the symptoms of 
spinal disease remain unarrested after such treatment, bone graft opera- 
tion may be resorted to with benefit and the braces afterward removed. 
. . . The Rollier sunshine treatment should be urged, and it should be 
instituted while the patient is under control. All patients treated by 
recumbency should be kept in an institution long enough to instruct the 
parents or other relatives with the method.’’ When such a regimen is 
-arefully followed, the combined methods of treatment should result in 
added benefit to the patient. Some patients are doomed in spite of 
having had the benefit of the best institutional care, and this, in many 
instances, is due to the lateness of diagnosis and the presence of advanced 
tuberculosis in other organs at the time of consultation. 

Again, I wish to emphasize the difference between the practice of the 
orthopaedic surgeon who cares for institutional cases and deals principally 
with children and the more diverse practice of the orthopaedic surgeon 
who deals with adults. In my experience, many of these adults have been 
unable to obtain an early diagnosis and they continue to work until evi- 
dence of kyphosis or spasticity is apparent. When confronted with the 
necessary prolonged treatment in recumbency, such patients are anxious 
to grasp at any method which might promise relief of symptoms in a 
shorter period of time. The fusion operation has afforded structural 
support when properly applied and should be given the credit of being an 
important aid in treatment in some cases, and more especially for selected 
adult patients in whom the disease is not too advanced and whose general 
condition is satisfactory. I admit my failure to apply the word “cure” in 
this report; like many, I have found that some patients with the so-called 
cures have sometimes had relapses in spite of the type of treatment. On 
the other hand, by using the five-year basis for the report and by employ- 
ing the classification illustrated in Table V, I think that I have conveyed 
some idea of what actually has happened. 
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SUMMARY 


Operation to produce surgical fusion of the spine is a comparatively 
safe procedure. It may be performed without danger of aggravating the 
disease process. It aids in giving stability to the diseased portion of the 
spine. It does not necessarily prevent extension of the disease, formation 
of abscess, irritation of the spinal cord, or paraplegia among patients whose 
resistance is not good. It is best to delay spine fusion for children who are 
sick; then, when the process becomes quiescent, spine fusion can be em- 
ployed as an internal splint to aid in ankylosis. The results of spine 
fusion as a treatment for tuberculosis of the spine are probably better in 
adults than in children. An operation that produces fusion of the entire 
region of involvement gives better immobilization and, consequently, 
better results than does one that effects fusion of a more limited region. 
It is often impossible, in the early stages of tuberculosis of the spine, to 
determine the exact extent of the process either by clinical or by roent- 
genographic examination. 

At the end of five years, 396 of our 480 patients had been traced; of 
these 396 patients, 63.64 per cent. had returned to an occupation, 7.83 
per cent. had obtained improvement, 3.79 per cent. had had temporary 
improvement with relapse later, 6.31 per cent. had had no improvement, 
and 18.43 per cent. had died. 

The best results are obtained when patients are carefully selected for 
operation, when spine fusion is employed during the period of healing of 
the disease, and when such treatment is reinforced by conservative treat- 
ment for a prolonged period of time. 

The paramount requirement for every patient who has tuberculosis 
of the spine is rest, heliotherapy, and a nutritious diet. No surgical 
treatment can offset the value of conservative treatment. 


REFERENCES 


ALBEE, F.. H.: The Bone-Graft Operation for Tuberculosis of the Spine. Twenty Years’ 

Experience. J. Am. Med. Assn., XCIV, 1467, 1930. 
Spinal Tuberculosis. Climatic and Operative Treatment. Am. J. Surg., 

XXX, 60, 1935. 

ALLISON, NATHANIEL: Heliotherapy in Surgical Tuberculosis. Surg. Gynec. Obstet., 
XLIV, 743, 1927. 

BENNETT, G. E.: The Treatment of Tuberculosis of the Spine in Children. Surg. Clin. 
North America, XVI, 1321, 1936. 

But er, R. W.: Paraplegia in Pott’s Disease, with Special Reference to the Pathology 
and Etiology. British J. Surg., X XII, 738, 1935. 

JACQUES, AND GALLAND, Marce.: Osteosynthesis in Spinal Tuberculosis. 
Bone and Joint Surg., XVIII, 46, Jan. 1936. 

Cato, E. T.: The Treatment of Spinal Caries by the Albee Operation. Australian and 
New Zealand J. Surg.. VI, 361, 1937. 

Cave, E. F.: Tuberculosis of the Spine in Children. New England J. Med., CCXVII, 
853, 1937. 

ComperE, E. L., anp JeRomE, J. T.: The Treatment of Tuberculosis of the Spine in 
Young Children. Ann. Surg., CII, 286, 1935. 


J. 


VOL. XXII, NO. 3, JULY 1940 


850 H. W. MEYERDING 


FINKELSTEIN, HARRY; GREENBERG, B. B.; JAuss, 8. A.; AND Mayer, Leo: Operative and 
Conservative Treatment of Tuberculosis of the Spine. A Comparative Study. 
J. Am. Med. Assn., CX, 480, 1938. 

GIRDLEsTONE, G. R.: A Note on Pott’s Disease and Albee’s Spinal Graft. J. Orthop. 
Surg., I, 401, July 1919. 

HeENveERsON, M. S.: Tuberculosis of the Spine: End-Results of Operative Treatment. 
Surg. Gynec. Obstet., XXIV, 600, 1917. 

Hisss, R. A., AND Risser, J. C.: Treatment of Vertebral Tuberculosis by the Spine 
Fusion Operation. A Report of Two Hundred and Eighty-six Cases. A Second 
Series. J. Bone and Joint Surg., X, 805, Oct. 1928. 

Kipner, F. C., anp Muro, Fevire: Comparative Results of Operative and Non-Opera- 
tive Methods of Treatment of Tuberculosis of the Spine in Children. J. Bone and 
Joint Surg., 649, Cet. 1927. 

McKee, G. K.: A Comparison of the Results of Spinal Fixation Operations and Non- 
Operative Treatment in Pott’s Disease in Adults. British J. Surg., XXIV, 456, 
1937. 

MeyerpinG, H. W.: The Treatment of Tuberculosis of the Spine. Minnesota Med., III, 
245, 1920. 

OrnsTEIN, G. G., AND Umar, Davin: Tuberculous Caries of Vertebral Bodies. Quart. 
Bull. Sea View Hosp., I, 3, 1935. 

Peasopy, C. W.: Secondary Foci of Tuberculosis in the Spine in Pott’s Disease. Ann. 
Surg., LXXV, 95, 1922. 

Seppon, H. J.: Morbid Anatomy of Caries of Thoracic Spine in Relation to Treatment 
(Hunterian Lecture). Lancet, IT, 355, 1935. 

Pott’s Paraplegia: Prognosis and Treatment. British J. Surg., XXII, 
769, 1935. 

Wuirman, Royat: A Treatise on Orthopaedic Surgery. Ed. 7. Philadelphia, Lea and 

Febiger, 1923. 


THE JOURNAL OF BONE AND JOINT SURGERY 


| 
4 
| 
| 
‘ 
. 
‘ 
| 
| 
| 
| 
= 
i 


TUBERCULOSIS OF THE SPINE 


Enpb-RESULT SERIES STUDIED AT CHILDREN’S MeEmMorIAL HospITA., 
CHICAGO 


BY FREMONT A. CHANDLER, M.D., AND MANLEY A. PAGE, M.D., 
CHICAGO, ILLINOIS 


In the presentation of end-result studies of any pathological condi- 
tion, the investigator is bewildered frequently by the multitudinous 
phases of the disease process and the unending variety of channels of 
thought which are opened at every turn. He must of necessity restrict 
his efforts to an impartial interpretation of facts as they have been re- 
corded over a considerable period of time. These facts or observations 
are registered by many different individuals with varying points of view 
and often with diverse interests. The medical man naturally sees the 
progress of disease from a different perspective than does the orthopaedic 
surgeon. His observations often complement those of the surgeon and 
because of this give a more complete portrayal of the events. These 
raried observations should be incorporated in the presentation of any 
review made to evaluate any plan of therapy. The inadequacy of even 
the best of records is glaring. The failure of well-planned, long-time 
supervision and the inevitable loss of follow-up in a certain number 
of cases is known to all. The findings presented under the term of ‘end 
results”’ are not necessarily facts but the interpretations and conclusions 
of the observer, and as such are far from infallible. The general conclu- 
sions drawn from varied presentations, as in this symposium, will become 
our guideposts in future efforts in this field of spine surgery. 

The cases analyzed in this paper were seen at the Children’s Memo- 
rial Hospital in Chicago during the years 1930 to 1934, inclusive, and 
have been observed to the present time,—a follow-up of from five to ten 
years. This Institution is a general children’s hospital with an average 
occupancy of about 170 patients and a large Out-Patient Department. 
Few patients have access to institutions especially designed to provide 
adequate convalescent care. Patients are given care through their 
twelfth year and are then transferred to other clinics. This is a most 
unfortunate arrangement for the continuation of proper surgical super- 
vision and is a barrier to prolonged “follow-up” study. The pressure of 
patient volume, age limits, etc., have their influence on methods of 
treatment and should be kept in mind. 

Our conception of tuberculous spondylitis may be summarized as 
follows: 

1. It is a secondary pathological lesion,—an infectious lesion of the 
spine in a patient who otherwise is tuberculous. 

2. The course of development of the spinal lesion parallels that of 
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tuberculous lesions elsewhere in the body, except for the rigid character 
of the host tissue and the unique mechanics of the spine. 

3. Healing results from the summation of the following factors: 

a. The inherent immunity of tissue to this infection; 

b. The reaction of cellular elements adjacent to the lesion, 
round-cell infiltration, fibrosis, etc. ; 

c. The physicochemical processes contributing to calcifica- 
tion. 

4. The favorable outcome of such a lesion should not be referred to 
as healing in the sense that this term suggests complete obliteration of 
the infecting organism. 

We have attempted to keep these factors in mind throughout our 
treatment of tuberculosis of the spine and have consulted frequently with 
physicians specializing in pulmonary disease as well as with thoracic 
surgeons, who have a surgical approach to their problem not dissimilar to 
that of the orthopaedic surgeon. The object of both of these special 
surgical approaches is: first, to facilitate natural healing processes by the 
obliteration of the area of pathology by fibrosis and calcification; and, 
second, to preserve physiological functions to the greatest possible degree. 
The question of deformity resulting from the tuberculous lesion is the 
point at which the thoracic surgeon and the spine surgeon diverge from 
otherwise parallel courses. The thoracic surgeon invites deformity of 
that portion of the lung by employing every possible means at hand to 
permit collapse and consolidation of the pathological area. To this end, 
pneumothorax, section of the phrenic nerve, thoracoplasty, etc., are widely 
employed. The compensatory expansion of the adjacent lung minimizes 
the deformity produced. 

In contrast to this course, the orthopaedic surgeon devotes his major 
efforts to the prevention of deformity by a great variety of manipulative 
and operative procedures and apparatus. We should consider the possi- 
bility of our having underestimated the significance of deformity in the 
ultimate healing of the tuberculous spinal lesion. In our efforts to pre- 
vent deformity and the resultant collapse of the diseased area, is it not 
possible that we have actually interfered with basic healing and have 
delayed or prevented recovery? It is true, however, that bone will 
regenerate to some degree, especially if subjected to physiological strain. 

In our cases we have tried to reach a mean between the extremes 
of therapy suggested. We desire a measure of collapse with the resulting 
deformity to facilitate obliteration of the disease area, at the same time 
hoping to keep it minimal in degree. We also hope to prevent the occur- 
rence of gross deformities: first, by early diagnosis; second, by the institu- 
tion of the most positive therapeutic measures at our command; and third, 
by the early resumption of normal activity to permit natural compensatory 
changes of normal tissues. 

We agree with all the accepted nutritional hygienic and supportive 
measures and, with some reservations, with the principle of rest. We seek 
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the amount of rest compatible with normal physiological functioning of 
the patient asa whole. Absolute rest is accompanied by atrophy even of 
normal structures and necessarily by impairment of their normal physi- 
ology. Frequent postural changes and active use of the extremities are 
encouraged. Every effort to splint the area of disease itself is carried out. 
This can be done best by surgical fusion of the involved area of the spine, 
providing the operation is not shock-producing or devitalizing to the 
patient. 

All patients whose cases are diagnosed as tuberculosis of the spine in 
our Clinic are admitted to the Hospital at once and are subjected to 
thorough examination by a member of the medical staff. The lungs, 
kidneys, and tonsils are examined for possible tuberculous foci. Ad- 
juvant medical and nutritional measures are instituted, and the patient is 


TABLE I 
Sex aND Race INCIDENCE IN CaAsEs TREATED BY SPINE FUSION 


Sex Cases Per Cent. 

Race Cases Per Cent. 

39 100.00 


given bed rest, supported only by a fracture board, which replaces the 
usual bed spring. These measures are continued for several weeks until 
the general condition of the patient either is definitely on the upgrade or 
fails to show a favorable reaction to this regimen. The patient is then 
subjected to a rapid, gentle spine fusion of the diseased area, preceded by 
thorough preparation and followed by supporting postoperative measures. 
At operation, particular care is used to avoid unnecessary pressure or 
trauma. Bone chips are removed without a mallet. Hemostasis is 
secured by gentle packing. The patients are operated upon in the fore- 
noon and, as a rule, are taking their regular diet by evening. Supportive 
measures are continued as long as necessary, usually from twenty-four 
to forty-eight hours. They are then returned to regular ward care with 
no restrictions other than the maintenance of a horizontal position on a 
fracture-board bed. Calcium in the form of dicalecium phosphate, cod- 
liver oil, hydrochloric acid, milk, and iron are given in addition to a gen- 
erous nutritive diet. Occasionally a blood transfusion is employed. 
After a period varying from three to eight months, a gradual resumption 
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TABLE II 
DuRATION OF DISEASE * BEFORE FuSION OPERATION 


Period 
(Years) Cases Per Cent. 
lto2.. 8 20.51 
2to3 3 7.69 
4to5. . 2 5.13 
5 to 6 3 7.69 
6 to 7 2 §.13 


* Estimated. 


of the upright position is permitted. The back is supported by a spine 
brace. These periods of activity are lengthened as tolerated. In most 
instances, the patients are returned to their homes with instructions re- 
garding rest periods, cod-liver oil, calcium, etc. They are then followed 
at frequent intervals in the Out-Patient Department. 

Thirty-nine consecutive cases, treated at the Children’s Memorial 
Hospital during the years 1930 to 1934, inclusive, were selected for study. 
The end results at the termination of from five to ten years are herein 
reported. These were studied and compared with those in thirty-six 
conservatively treated cases observed at the same Hospital during the 
previous five-year period. Because of the transfer of these latter cases to 
several other clinics, final end-result studies were impossible. 

Of the thirty-nine cases in the 1930-1934 group, 41.03 per cent. were 
males and 58.97 per cent. were females; 89.74 per cent. were white and 
10.26 per cent. were negroes (Table I). The majority were of central or 
southern European stock, corresponding to the nationalities served by this 
Hospital. All came from families whose monthly incomes were less than 
$125.00. The approximate age at onset varied from one to ten years, 
with an average of three years. Special efforts were made to establish 
possible contacts with known tuberculous cases at home. In twenty-five, 


TABLE III 
COMPLICATIONS ON ADMISSION 


Complications Cases Per Cent. 
Primary pulmonary tuberculosis. . . 24 61.54 
Active pulmonary tuberculosis . . . 5 12.82 
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no known contact could be established. In fourteen, or 36 per cent., of the 
cases, positive histories of contact with one or more members of the 
household having active pulmonary disease were found. In ten cases 
deformity was the presenting symptom. Other patients complained of 
painful walking, pain in the hips, back pain, abdominal pain, restless 
nights, and night cries in varying degrees of severity. Many of these pa- 
tients had been seen by physicians previously without recognition of the 
pathology of the spine. 

An estimate of the duration of the disease of the spine (Table II) was 
based on the duration of symptoms and the deformity present, as revealed 
on questioning the parents. 

On admission, thirty-seven patients showed positive tuberculin reac- 
tions to human-type tuberculin either by the von Pirquet or by the 
Mantoux test. One patient showed a negative reaction to human-type 
tuberculin, but a positive reaction to bovine tuberculin. No record was 
made in one case. 

Roentgenograms of the chest were taken on admission in all cases. 
Twenty-four patients, or 61.54 per cent., presented healed primary pul- 
monary lesions; five, or 12.82 per cent., showed active pulmonary lesions. 
The films in the remaining ten were interpreted as negative for pulmonary 
pathology. Two patients had keratitis, and three had paraplegia. (See 
Table IIT.) 

Roentgenograms on admission showed that two vertebrae were 
involved in twenty-three cases; three, in eight cases; four, in three cases; 
five, in four cases; and nine, in one case. In all, 111 vertebrae were in- 
volved, as follows: 


Vertebrae Cases 
Thoracic: 
Lumbar: 
Sacral: 
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TABLE IV 
AGE AT OPERATION 


Age 
(Years) Cases Per Cent. 

2 5.13 


Roentgenograms of the spine revealed abscesses in twenty-seven cases, or 
69 per cent. These were graded on a 1 to 4 basis according to size, as 


follows: 
Grade Cases 


At the present time the abscesses have disappeared in ten cases, have 
calcified in nine cases, have diminished in size in three cases, and have 


TABLE V 
PERIOD BETWEEN OPERATION AND WALKING WITH BRACE 


Period 
(Months) Cases Per Cent. 

33 * 84.61 


* In 4 cases, 10.26 per cent., there was no record, and in 2 cases, 5.13 per cent., the 
patients died before walking was permitted. One patient with paraplegia, able to be up 
in a wheel chair, is included in the 33 cases. 
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TABLE VI 
ENp RESULTS 


Result Cases Per Cent. 

Good: 
5 to 9-year follow-up.......... 25 64.10 
3-year follow-up *............ 4 10.26 

Poor: 
Continued activity of the disease . 3 7.69 


* At the end of this period, these patients were lost track of. 


remained the same in roentgenographic appearance in five cases. The size 
of the abscess had no direct relation to the number of vertebrae involved. 
In no case did an abscess develop during the course of observation. The 
smaller abscesses disappeared, while the larger ones calcified or remained 
unchanged in their roentgenographic appearance. The angulation of the 
spine at the time of admission was measured in thirty-eight cases. In six 
‘ases the angle was between 70 and 110 degrees; in six, between 110 and 
140 degrees; in fourteen, between 140 and 160 degrees; and in twelve, be- 
tween 160 and 180 degrees. The latter group revealed a loss of lordosis 
in the lumbar spine. In nineteen cases there was an increase of less than 
10 degrees over the follow-up period of five to ten years, while in ten there 
was no increase in the initial deformity. The others showed an increase 
of from 10 degrees to as much as 35 degrees in one case. These measure- 
ments were taken from the normal surfaces of the involved vertebrae and 
do not reflect the compensatory curves developing in the adjacent normal 
bone. Patients with an angle of as much as 140 degrees showed little or 
no external kyphosis. 

Paraplegia was present in three cases at the time of admission, but no 
further paraplegia has developed since. Of these three patients, two have 


TABLE VII 
ANALYsIS OF DEATHS 


Postoperative 


Case No. Cause of Death Period 


VOL. XXII, NO. 3, JULY 1940 


| 


858 F. A. CHANDLER AND M. A. PAGE 


died, and the third is showing some return of motor function nine years 
after combined fusion and laminectomy and later costotransversectomy. 

The Hibbs technique was used in all cases. One, two, and, in some 
cases, three normal vertebrae were included at either end of the fused 
area. Secondary operations were performed in four cases. Sections of 
rib or tibial grafts, supplemented by bone chips at the site of pseu- 
darthrosis, were used at operation. One patient was operated upon three 
times. Ether anaesthesia was used in all cases with no evidence of in- 
creased pulmonary activity. No lower age limit has been established, for 
sufficient ossification of the laminae has been found to afford good chip 
grafts in even the youngest patients. Use of tibial grafts has been avoided 
as unnecessary for fusion, because of the additional trauma involved and 
because of the latent stimulation of growth of the tibia, resulting in un- 
equal leg length. 

In conformity with our conception of early activity, patients were 
permitted to walk relatively soon. The maximum period of horizontal 
rest was thirteen months, with the exception of the one surviving patient 
with paraplegia (Table V). 

In following the course of disease, the weight gain was found to be 
the best index as to progress. The weights of the first twenty-two patients 
were charted, and an accelerated gain was noted in most instances. 

Good results were obtained in twenty-five cases (64.10 per cent.). 
In four cases (10.26 per cent.), in which the patients were followed for 
three years and then lost track of, the results were good at the end of the 
observation period. In three cases (7.69 per cent.), there was continued 
activity of the disease, and in one case of paraplegia (2.56 per cent.), 
there was some return of motor function. There were no deaths due to 
operation. (See Table VI.) 

Six deaths (15.39 per cent.) occurred in the total series of thirty-nine 
cases (Table VII). All were caused by tuberculous lesions at periods of 
from four months to five years following operation. 

In considering the outcome of the disease process at this period in the 
follow-up of these cases, definite criteria are of necessity lacking. The 
child as a whole must be considered, rather than any one single manifesta- 
tion of tissue change at the site of the pathological process. The return 
to normal growth, normal rate of weight increase, and the resumption of 
normal physiological functions, combined with the subsidence of symp- 
toms and evidences of favorable tissue reaction at the site of disease, 
should all be considered in the estimate of the stage of the healing 
process. 

If the theory of destruction of the intervertebral disc in spinal tubercu- 
losis is accepted, we hope for complete bony fusion at the level of disease. 
If the theory of the survival of the dise is adhered to, we can accept 
evidence of new-bone formation as a criterion of healing. We feel that the 
fate of the disc varies in different cases,—it is destroyed and absorbed in 
some and it survives in others. The change in angulation of the kyphos 
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reflects collapse of weakened bone structures as well as altered bone 
growth resulting from epiphyseal destruction. 

The importance of the operation in these cases must be accepted with 
a proper perspective. At best, it is only a minor incident. In this small 
series we believe that it has been helpful. 

The disappearance of abscesses or their calcification are most favor- 
able signs. If the patient shows a normal return to a tolerance of all 
normal activities and the disappearance of symptoms, the result may be 
considered good. We do not use the term “cured” in any instance. This 
means that the follow-up of a case of tuberculosis of the spine should be 
life long. 
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TUBERCULOSIS OF THE SPINE IN CHILDREN 


A REVIEW OF Sixty-THREE CASES FROM THE LAKEVILLE STATE 
SANATORIUM 


BY Z. B. ADAMS, M.D.,* BOSTON, MASSACHUSETTS 


This is an analysis of sixty-three cases of tuberculosis of the spine 
treated at the Lakeville State Sanatorium. All of the patients were 
under twelve years of age at the time of admission to the Sanatorium, and 
all have been discharged for at least five years. Twenty-five of these 
patients have died, either while at the Sanatorium or since discharge, and 
thirty-eight have recovered. Thus the percentage of deaths is 40 and 
that of recoveries is 60. 


STATISTICAL ANALYSIS 
Patients Who Died 

Of the twenty-five patients who died, sixteen reacted to both human 
and bovine tubercle bacilli; seven, to the human type alone; and two to 
the bovine type alone. 

The regions of the spine which were involved were as follows: cervical, 
one case; high thoracic, two cases; low thoracic, ten cases; and lumbar, 
twelve cases. 

Among these twenty-five cases, there were the following complicating 
conditions: paraplegia, six cases; tuberculosis of the hip, three cases; 
tuberculosis of the knee, one case; tuberculosis of the ankle, one case; 
tuberculosis of the kidney, one case; and tuberculous ophthalmia, one 
case. 

Roentgenographic examination showed the presence of abscesses in 
seventeen cases and no abscesses in eight cases. 

The Hibbs fusion operation was performed in two cases; the Albee 
bone-graft operation was done in four cases; laminectomy was carried out 
in three cases; and in one case the nature of the operation is not known. 


Patients Who Are Living 

Of the thirty-eight patients who are still living, there was a positive 
skin reaction to both human and bovine tubercle bacilli in twenty-six; 
to the human type alone, in seven; and to the bovine type alone, in five. 

The involvement of the spinal regions was as follows: cervical, one 
case; high thoracic, nine cases; low thoracic, thirteen cases; lumbar, 
fourteen cases; and sacral, one case. 

The complicating conditions in this group consisted of: pulmonary 
disease, five cases; paraplegia, two cases; cervical glands, two cases; tuber- 
culosis of the hip, two cases; sacro-iliac tuberculosis, one case; tubercu- 
losis of the ankle, one case; tuberculous mastoiditis, one case; tuberculous 
otitis media, one case; and phlyctenular keratitis, one case. 


* Deceased. 
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Roentgenographic examination revealed the presence of abscesses 
in twenty-four cases and no abscesses in fourteen. 

In fourteen of these cases the Albee bone graft was employed; in 
six, the Hibbs fusion operation was performed; in five, osteoperiosteal 
grafts were used; and in the remaining thirteen cases, no operation for 
locking the spine was carried out. Four patients had had sinuses that 
had discharged and healed. 

GENERAL CONCLUSIONS 

The study of this disease shows that the micro-organisms of tuber- 
culosis can reach the spine only through the blood stream. The original 
site of entry is difficult to determine at the stage of the disease when a 
spinal lesion makes itself known. Later the appearance of calcified 
glands in some part of the body may be a clue to the original place of 
entry. The caries of the spine is a local nidus of a general disease. When 
the lesions in the spine are multiple—sometimes two, three, or four distinct 
foci, separated by normal areas—or accompanied by tuberculous lesions 
in the hip, knee, ankle, or some other site, in my opinion the mortality is 
due not to the lesion or the extent of the lesion, but to one of two factors: 
(1) the low resistance of the individual, or (2) a highly virulent strain 
of the tubercle bacillus. The use of sulfanilamide in these cases is not 
warranted. It clears up the intercurrent infection, if there is a mixed 
infection, but it does not attack the tuberculous organism because of its 
waxy capsule. 

The healing of the spine does not prevent the development of com- 
plications, of other foci in the spine, or of foci in other joints or in the kid- 
ney or lungs. Efforts to heal these patients should include the building 
up of the general condition and the healing or removal of the local foci. 

It is my belief that if a kyphos has developed, due to the collapse of 
the vertebral bodies, it is not wise to correct the deformity by forcing the 
collapsed vertebrae apart. Prevention of the collapse is warranted and 
should be attempted, but an empty space in the anterior column should 
not be produced. Healing by solid bony fusion in the diseased area re- 
quires time,—a much longer period than is usually allowed. The roent- 
genograms of the spine do not always show the full extent of the disease, 
for infiltrated bodies may be present without any narrowing of the dises 
or other roentgenographic evidence. Careful and thorough fusion of the 
laminae produces an internal splint and is an aid in the healing of the 
disease. These fused areas will bend, and no weight should be put on the 
bodies in the center of the kyphos until the healing is well advanced. 

We never operate on debilitated patients; we wait until the general 
condition has improved. In tuberculosis of the lumbar spine in children, 
where the process apparently has started in the disc and has invaded the 
bottom of the vertebra above and the top of the vertebra below, solid bony 
fusion will result in a comparatively short time—two or three years 
without any operative interference. 
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END RESULTS OF TREATMENT OF POTT’S DISEASE 


BY R. I. HARRIS, M.B., F.R.C.S. (C), AND H. S. COULTHARD, M.B., 
TORONTO, ONTARIO, CANADA 


A brief statement regarding the work which is being done on Pott’s 
disease at Weston Sanatorium is necessary in order that the subsequent 
data may be interpreted clearly. 

Weston is a suburb of the city of Toronto. The Sanatorium has 
been in existence for thirty-six years but only during the past nine years 
has it provided facilities for the treatment of surgical tuberculosis. The 
surgical unit is closely associated with the Department of Surgery of 
the University of Toronto. Adequate facilities are provided for the 
treatment of all phases of tuberculosis by surgical measures. To this 
institution come patients of all ages with bone and joint tuberculosis, 
from all parts of Ontario. 

Available for this review are eighty-five cases of Pott’s disease in 
which treatment was commenced not later than January 1935. We have 
lost contact with five of these patients; four of them have been deported 
as undesirable aliens, and one we have been unable to find. The remain- 
ing eighty cases have all been reviewed within recent months and the 
data so obtained is the basis of this report. (See Table I.) 


BASIC PLAN FOR TREATMENT OF POTT’S DISEASE AT WESTON 


Our approach to the problem of the treatment of Pott’s disease has 
been guided by a basic plan, the outline of which must be given in order 


TABLE I 


ANALYSIS OF CASES FROM WESTON SANATORIUM BY AGE GROUPS 


| 


Age (Years) | No. of Cases Totals Per Cent. 

| 36 


* Total cases treated and discharged, 85; total followed and forming the basis of 
this analysis, 80. 
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that our figures may be interpreted properly. It is our belief that all 
cases of Pott’s disease are best treated by a combination of conservative 
and surgical measures unless the patient’s condition renders him unfit 
for surgery. Our contribution to this symposium, therefore, is con- 
cerned chiefly with patients upon whom spine fusion has been per- 
formed as an important part of their treatment. It is true that a certain 
number of our cases have been treated by conservative measures only, 
and the results are reported here also. The results in these instances are 
scarcely a fair picture of what might have been obtained under different 
circumstances, since nearly all of these patients were so treated because, 
due to extensive disease elsewhere, secondary infection, or other com- 
plications, they were poor surgical risks. They were the poorest risks 
among our patients. This explains to a considerable degree the less 
favorable results. 

On the other hand, the results which we have obtained by rest and 
spine fusion represent a fair example of what can be accomplished by 
this method of treatment. Unless there were important contra-indica- 
tions, every case of Pott’s disease was so treated. Our adherence to this 
plan of treatment is based upon the belief that rest is the most important 
agent in the cure of tuberculosis. In the last analysis, the patient cures 
himself by his own mechanism of defense. His powers of resistance 
against the infection can be greatly enhanced by certain measures proved 
valuable by years of clinical experience. Of these, rest is by far the 
most important. The more complete and the more prolonged the 
rest, the greater the certainty of cure. Spine fusion is of value because, 
properly performed, it maintains rest in the diseased segment of the spine 
more efficiently than does any other method, and does so for the remainder 
of the patient’s life. It is our opinion that rest obtained by spine fusion 
ensures cure of Pott’s disease (1) more rapidly, (2) with greater cer- 
tainty, and (3) with less likelihood of recurrence, than any other form 
of treatment. 

Our basic plan, therefore, has been to treat the patient by recum- 
bency and fixation for a length of time sufficient to enable him to obtain 
mastery of the infection. We have found a Whitman frame the most 
convenient apparatus on which to carry out this regimen. During this 
period of recumbency the spine is fused. Fusion is not undertaken until 
the patient shows signs of mastering the infection, and at least six months 
must elapse after fusion before we think it safe to allow him to get up. 
Favorable cases are recumbent for a year, during the middle of which 
period a spine fusion is performed. Three months’ ambulatory treat- 
ment follows so that the minimum period of hospital treatment in favor- 
able cases is about fifteen months. 

A variety of circumstances may necessitate lengthening the period 
of recumbency. The presence of persistent psoas abscess or lumbar 
abscess, discharging sinuses which interfere with the field of operation, 
foci of tuberculosis elsewhere in the body, and failure to display quickly 
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TABLE II 


CLASSIFICATION OF CASES ACCORDING TO METHOD AND LENGTH OF TREATMENT 


Method 
Recumbency and | 
7 Recumbency only 
Length of Treatment Bone Graft mbency only 
Cases Per Cent. Cases | Per Cent. 

Within 15 months.............. 12 | 24. 00 1 3.33 
5 10.00 5 16. 67 
4 8.00 7 23. 33 
Death occurred before cure... ... 1 2.00 13 43.34 


50 100.00 30 100.00 


evidences of mastering the infection all necessitate longer treatment. 
Table II indicates the length of time our eighty cases were under treatment. 


TYPE OF SPINE FUSION 


Although the spine fusion we have been performing has undergone 
certain modifications during the years, it has always been essentially the 
same,—a fusion obtained by using large and relatively heavy bone grafts. 
For this purpose, two grafts are taken from the shin. They are turned 
on edge and their cancellous surfaces placed against the denuded spinous 
processes of the involved vertebrae and those of one normal vertebra above 
and one below. Cancellous bone and chips, also taken from the tibia, are 
packed into the interstices of the field of operation. The two large 
grafts are fastened in place by stainless-steel wire sutures through the 
upper and lower ends. We feel this operation has the advantages of 
simplicity and rapidity while ensuring rigid fixation of the involved 
segment of the spine. 


FORMS OF TREATMENT ACCESSORY TO SURGERY 


Although the basis of our treatment is rest, obtained by prolonged 
recumbency and supplemented by spinal bone graft, certain accessory 
forms of treatment are utilized and are of value. 

Heliotherapy is a valuable adjunct in most cases. Certain patients 
with active pulmonary disease respond unfavorably, but, apart from 
these, heliotherapy is used with benefit in all our cases whenever the 
climatic circumstances permit. We can count on six months during 
which heliotherapy can be administered, but only during three of those 
months can it be intensive. In spite of these limitations we regard it 
as a most important addition to treatment. 
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1 

Healing by bony ankylosis. Solid bony fusion of the involved vertebral bodies 

with solid fusion of the graft. 

Abscesses are treated by repeated aspiration wherever possible. 
Usually this is sufficient to dispose of the abscess, although occasionally 
it continues to increase in size in spite of aspiration. In such cases 
Listerian drainage is utilized (drainage through a small wound into a 
continuously antiseptic dressing—Keith’s solution). 

Secondarily infected sinuses are difficult to treat and only occasionally 
are they cured. We have had some success by irrigating the sinuses with 
Dakin’s solution, and one case (in which the secondary organism was 
hemolytic streptococcus) was cured by sulfanilamide. 


CRITERIA OF HEALING 


In any analysis of the results of treatment of Pott’s disease it is 
necessary to have a clear idea of what is meant by cure. This is difficult to 
establish, especially in an infection so persistent as tuberculosis. 

There are two criteria by which we may form a reasonable estimate 
of cure: (1) x-ray, and (2) clinical signs. Both must be taken into con- 
sideration and sufficient time must elapse to demonstrate that the 
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cure is real and not apparent. We have adopted the following standards. 


Healing by Bony Ankylosis 

In this group the remnants of the involved vertebral bodies have 
fallen together and have fused into a solid pyramidal mass of bone which 
represents what is left of two or more carious bodies. The bone graft 
is solidly fused to the spines of the involved vertebrae and to at least one 
normal vertebra above and one below. The patient presents clinical 
evidence of cure, normal temperature, no pain, ability to undertake 
reasonably heavy activity, disappearance of abscesses and closing of 
sinuses, and adequate weight. This group one can say with great 
certainty is cured. (See Figure 1.) 


Healing by Firm Fibrous Ankylosis 

In this group the involved vertebral bodies (usually only two) do not 
fuse by bone. They are separated by a narrow space occupied by the 
remnant of the intervertebral disc. The space is small and the spinal bone 
graft is solid and of adequate extent. The clinical evidence of cure is as 


Fia. 2 
Healing by firm fibrous ankylosis. The vertebral bodies have settled down 
upon one another but have not healed by bony union because of the interposition 
of the remnants of the intervertebral disc. The graft is solid. 
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TABLE III 
ANALYSIS OF THE RESULTS OF TREATMENT 


Method 


Total 
Recumbency and 


Result Bone Graft 


Recumbency only 


Cases | Per Cent. | Cases | Per Cent. | Cases | Per Cent. 


Bony ankylosis... ... 33 66.00 7 23.33 40 50.00 
Firm fibrous ankylosis 10 20.00 1 3.33 | 11 13.75 
No ankylosis........ 1 8.00 3 10.00 7 8.75 
Progressive disease . . . 3 6.00 19 63.34 | 22 27.50 

50 100.00 30 100.00 80 | 100.00 


already stated. Probably these cases represent just as perfect cures as 
do the previous group, although the roentgenogram lacks the definite 
evidence found in the group with bony ankylosis. (See Figure 2.) 


Healing without Ankylosis—Unstable Spine 

In this group the vertebral bodies are separated by a considerable 
space due to (1) too much hyperextension at the site of disease, (2) cal- 
cific debris from an abscess, or (3) a sequestrum. The bone graft is fused 
to an adequate number of spinous processes but it may fracture at the 
level of the disease because the involved bodies are not stable and great 
strain comes upon the graft. The clinical evidences of cure may be 
present or there may be pain on effort. If the graft fractures, exacer- 
bation of the disease may result. (See Figures 3-A, 3-B, and 3-C.) 


Failure to Heal or Extension of the Disease 

The outstanding feature of the group is progressive caries in the 
grafted area or extension of the caries into vertebral bodies beyond the 
bone-grafted area. The clinical evidences of active disease, including 
abscess, are present. (See Figures 4-A, 4-B, and 4-C.) 

The first two groups can be regarded as satisfactory cures. The third 


TABLE IV 
COMPLICATIONS ARISING DURING TREATMENT 


Complication No. of Cases Per Cent. 


Renal or genital tuberculosis... 21 26.25 

24 30.00 


Pulmonary 
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group shows an imperfect but by no means an entirely unsatisfactory | 
result and is classified as fair. The fourth group is listed as fadlure. 
Table III indicates the results of our cases according to this classification. 


Fia. 3-B 


THE JOURNAL OF BONE AND JOINT SURGERY 


AL 
7 | 
> <a 
> 
Fie. 3-A 
Te 


TREATMENT OF TUBERCULOSIS OF THE SPINE 869 


Fig. 3-C 
Vig. 3-A: Healing without ankylosis of the vertebral bodies. Unstable spine. 
In this example, although the bone graft is solidly fused to the spinous processes 
the vertebral bodies are separated by hyperextension and consequently all the 
stress of weight-bearing comes upon the bone graft. 


Fig. 3-B: Eighteen months later, the strain upon the bone graft resulted in its frac- 
ture with collapse of the vertebral bodies into one another. This was followed by an 
exacerbation of activity of the disease which was treated by further recumbency 
and a second bone graft. The fracture in the first bone graft healed spontaneously, 
with ultimate bony fusion. 


Fig. 3-C: The ultimate result after the exacerbation had been treated by a further 
period of recumbency and another bone graft. Healing by bony ankylosis. 


COMPLICATIONS ARISING DURING TREATMENT 


Since Pott’s disease is a manifestation of the invasion of the blood 
stream by tubercle bacilli, not unnaturally it is frequently accompanied 
by other blood-borne foci of tuberculosis as well as by complications 
peculiar to the disease itself. The systemic nature of the infection which 
produces Pott’s disease requires emphasis. Its very nature indicates 
that we are dealing with a blood-borne infection and must plan our treat- 
ment accordingly. 

We have listed in the following paragraphs and in Table IV the 
complications of our cases in the order of their frequency. 

Abscess occurred at some stage in 90 per cent. of our patients. In 
the case of psoas abscess the diagnosis may be obvious, but the medi- 
astinal abscess of dorsal Pott’s disease can be recognized only by x-ray. 
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Fia. 4-A Fia. 4-B 


Failure of healing and extension of the disease. Roentgenograms of thoracic 
Pott’s disease, taken at an interval of two years, showing extension of the disease 
beyond the area which had been grafted and probably indicating that fusion did 
not occur over a sufficient number of vertebrae. 


It is our feeling that recognition and treatment of the abscess are an 
important part of the treatment of Pott’s disease. Wherever the abscess 
is accessible we have treated it by repeated aspiration in order to achieve 
drainage without the dangers of secondary infection. Usually this 
results in the disappearance of the abscess. In the exceptional case in 
which the abscess continues to increase in size in spite of aspiration, we 
have drained it through a small stab wound into an antiseptic dressing. 
The best antiseptic for this purpose is Keith’s dressing which is sufficiently 
antiseptic to minimize the dangers of secondary infection, and the 
glycerine base ensures its remaining active for at least twenty-four 
hours. This is the principle established by Lister for treating this 
problem and we therefore designate it Listerian drainage. 

We have gradually extended the field of aspiration and now use it 
for the mediastinal abscess. This must be done with x-ray supervision 
and is not easy, but yields valuable diagnostic information and mate- 
rially aids in treatment. 

Amyloid disease occurred in 13.75 per cent. of our cases. This per- 
haps seems a high rate. It is accounted for by the fact that we have 
made the diagnosis by means of an improved Congo-red test. This has 
enabled us to recognize amyloid disease where otherwise it might have 
been unsuspected,—for example, in the absence of sinus. 

Renal or genital tuberculosis occurred in 26.25 per cent. of our cases. 
This is one of the most frequent complications of Pott’s disease and is 
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often overlooked since it may give 
rise to no symptoms. Only ex- 
amination of the urine for tubercle 
bacilli can give certain indication 
of its presence. Since Pott’s dis- 
ease is a blood-borne implantation 
of the disease it is reasonable to 
expect that other hematogenous 
foci might accompany it. This 
is indeed the case; associated bone 
foci are not infrequent and renal 
tuberculosis, which also is a blood- 
borne focus, is much more fre- 
quent than in pulmonary tuber- 
culosis, per se. Routine exami- 
nation of the urine for tubercle 
bacilli is as much a part of the 
management of a case of bone and ts 
joint tuberculosis as is examina- 
tion of the chest. 

Addison's disease was present 


in three, or 3.75 per cent., of our eis Danse 
eighty patients. Each case ter- Fig. 4-C 
minated fatally. This complica- Anteroposterior view showing the medi- 


tion may easily be overlooked. astinal abscess which resulted from the 
tes extension of the disease. 

Newer methods of recognition are 

of great value. 

Paraplegia occurred in 16.25 per cent. of our cases. No case occurred 
in lumbar Pott’s disease. If we exclude these, the incidence is 30 per 
cent. in the cases of thoracic, thoracocervical, and thoracolumbar Pott’s 
disease. This complication is obscure in its exact pathology and difficult 
and uncertain in its treatment. While it is generally true that it appears 
while the disease in the spine is active and subsides as treatment controls 
the spinal disease, this is by no means always the case. In two of our 
patients it occurred during the period of immobilization, at a time when 
the active disease in the bone seemed under control. Moreover, three 
cases had recurrence of paraplegia, three and one-half years, five years, 
and ten years respectively, after the Pott’s disease was apparently cured. 

Active pulmonary tuberculosis was a complication in twenty-four cases 
(30 percent.). As might be expected, pulmonary tuberculosis is a frequent 
and important complication of Pott’s disease. In most cases it represents 
the primary focus from which the blood stream is infected and from 
which in turn the focus of Pott’s disease is laid down. Of the twenty- 
four patients, eleven had positive sputum. In six, the pulmonary dis- 
ease was so active and advanced that adequate treatment, both of the 
pulmonary lesion and of the Pott’s disease, was impossible. Five of 
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TABLE V 


Morta.iry IN TREATMENT OF Porr’ s Disease 


Treatment No. of Cases Deaths _—~Per Cent. 
50 6 12.00 
TABLE VI 


Causes or DEATH 


Cause No. of Cases 

2 

1 


Non-tuberculous (pneumonia and coronary occlusion)........ . 


bo 


these died and one recovered. Collapse therapy was attempted but was 
unsuccessful in two cases; of these one patient died and one recovered. 
Collapse therapy was successfully undertaken in four cases; one patient 


TABLE VII 


RELAPSES: OR SEVERE COMPLICATIONS FoLLowInG HEALING 


Grafted Group Non-Grafted Group 
No. of | Per | No. of Per 
Cases | Cent. | Cases | Cent. 
Recurrence of Pott’s disease*......... 5 10.00 | 6 | 20.00 
(Cured by further treatment)... .. . (2) (2) 
Recurrence of abscess without Pott's 
(Cured by aspiration and rest) 
New foci of tuberculosis elsewhere**. . . 6 | 12.00 | 2 6.67 
Fracture of spinal graft (lumbosacral 
9 | 18.00 | 
Death from pre-existing 
elsewhere (pulmonary 1, renal 1). | 2 | 4.00 | 


” Sanenine took place: (a) j in the grafted area; (b) perenne to the grafted area; 


(c) in a new area of the spine. 
** These new foci were found in the hips in three cases, in the knee in two, and in 


the adrenals, genito-urinary tract, and meninges, in one case each. 
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died, after discharge, of tuberculous bronchopneumonia. One other 
patient was treated by aspiration for pleural effusion. The remaining 
patients were treated by bed rest. 

Pulmonary tuberculosis was important as a cause of death in four 
cases (5 per cent.). Pulmonary tuberculosis is an important factor in 
the course, outcome, and mortality of Pott’s disease. 


MORTALITY 


The general mortality in our group of eighty cases was 28.75 per cent. 

In the group of fifty patients who were treated by bone-grafting, 
there were six deaths (12 per cent.). Tuberculosis in various forms was 
the chief cause of this mortality, and, with one exception, death occurred 
two or more years after treatment. (See Tables V and VI.) 

In the group of thirty cases treated conservatively there were seven- 
teen deaths (56.67 per cent.). This is the direct outcome of our plan of 
treatment since it placed in the group for conservative treatment all cases 
unfit for surgery. This group consequently had a high proportion of 
patients seriously ill with generalized tuberculosis or secondary infection. 


RELAPSES OR SEVERE COMPLICATIONS AFTER HEALING (TABLE VII) 


Pott’s disease recurred in eleven cases (five grafted and six non- 
grafted). In the grafted cases the recurrence of Pott’s disease was: (a) 
adjacent to the grafted area in three cases; (b) in a formerly fused area, 
one case; (c) in an entirely new area in one case. Further treatment, 
including fresh areas of spine fusion, resulted in improvement or cure. 
In the non-grafted cases, the recurrence in two cases was treated suc- 
cessfully by grafting. 

Recurrence of abscess, without evidence of fresh caries, was found in 
one case in each group. Both were treated successfully by aspiration 
and immobilization. 

New foci of tuberculosis elsewhere were observed in eight cases (six 
grafted and two non-grafted). Of these foci, three were in the hip, two 
were in the knee, and one each occurred in the adrenals, the meninges, and 
the genrto-urinary tract. 

Paraplegia was present after healing of the spinal lesion in four cases. 
Bone-grafting was done in one of these cases (2 per cent.) but not in the 
remaining three (10 per cent.). 

Fracture of Bone Graft occurred in nine cases. In one case with 
exacerbation of activity, immobilization and a second bone graft were 
required. Ultimate cure resulted. The remaining eight cases had few 
symptoms, and required no special treatment. The fractured grafts all 
united. 

This may seem a high incidence of fracture of the graft. It can be 
explained as follows: We have been diligent in the periodic review of our 
cases and have made careful roentgenographic scrutiny of the graft an 
essential part of the review. Moreover, the type of graft we use lends 
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itself well to visualization by roentgenogram. The large double grafts 
from the tibia show well, and if they are fractured this also shows more 
clearly than in the usual Hibbs or Albee technique. Several of the frac- 
tures were discovered only on roentgenographic review; the patients had 
made no complaint, and nothing in the clinical examination suggested 
fracture. The frequency of fracture of the graft in our series, therefore, 
is accounted for partly by the careful search which was made for it. The 
commonest site of fracture was in the area between the fifth lumbar 
vertebra and the sacrum, where great strain occurs. The one serious 
case (Figs. 3-A, 3-B, and 3-C) resulted from strain upon the graft when 
the spine was fused in hyperextension with the involved bodies separated 
by an appreciable space. We now feel that the spine should be fused 
with the diseased bodies in contact, even though this means the existence 
of a certain amount of deformity. 

Death, from pre-existing tuberculosis elsewhere after the spinal lesion 
had healed, occurred in two cases,—one each from pulmonary and renal 


tuberculosis. 
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A CRITICAL STUDY OF TUBERCULOSIS OF THE SPINE IN 
CHILDREN 


BY LEO MAYER, M.D., NEW YORK, N. Y. 


Fifteen years ago, when the country branch of the Hospital for Joint 
Diseases was opened, we were given an opportunity to treat tuberculosis 
of the spine under excellent hygienic conditions. Although the fusion 
operation appealed to us as a logical form of therapy, it seemed important 
to compare cases treated by the operative method with those in which 
purely conservative measures were used. Cases were therefore arranged 
in two groups,—those in which fusion operations were done and a control 
series of unoperated cases. The idea of this test was not new or original, 
since it had been reported by Kidner and Muro! in a small series published 
in 1927. Great care was taken to pair off the cases as accurately as 
possible with regard to duration of the disease, the number of vertebrae 
involved, the presence of abscess, and the age of the patient. In only one 
respect was there a marked difference between the two groups,—when 
patients were admitted with extreme cachexia and evidences of amyloido- 
sis, operation was not done. Sixty-six cases were observed: spine fusion 
was done in thirty-seven, and twenty-nine were treated conservatively. 

The results of fifteen years of observation are summarized as follows: 

1. It is impossible to make a certain diagnosis of tuberculosis of the 
spine in the early stage, since other diseases may give similar symptoms, 
physical signs, and roentgenographic appearance. Therefore, all statistics 
relative to Pott’s disease—our own included—should be accepted with 
some reserve, since in many cases the diagnosis is presumptive not 
positive. 

2. Since the virulence of the invading tubercle bacillus and the re- 
sistance of the patient are two variables, the medical observer must be ex- 
tremely cautious in attributing an early arrest of the disease to any one 
factor in the treatment. This applies particularly to the effect of fusion. 

3. Since spine fusion involves only the laminae and the interverte- 
bral articulations, and because the healing of the invaded bodies usually 
takes place by the so-called block process in which a fusion of one or more 
bodies occurs, the operative fusion, if performed at a stage antedating the 
pathological fusion of the bodies, will, if the fused laminae prevent flexion, 
actually tend to interfere with the natural process of healing. 

4. Asamatter of fact, the operative fused area does not remain fixed, 
but bends approximately 10 degrees or more, as is conceded by the advo- 
cates of fusion. 

5. Following fusion, healing may take place without extc sion of the 
process to the adjoining vertebrae, exactly as in non-fused cases, or we 


may see the following: 
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a. Extension of the process upward or downward to adjacent 


a. 
vertebrae ; 
b. Persistence of old abscesses or formation of new abscesses; 
c. Healing in the first area, but reappearance of the disease in 
another area; 
d. Persistence of paraplegic symptoms. 
In other words, exactly the same pathological changes may and do occur 
as in the unfused cases. 

6. Tuberculosis of the spine is a local manifestation of a general 
disease, and, although the local treatment is important, the general 
treatment is far more important. 

7. Despite the great advance of medical knowledge, the essentials 
in the general treatment of tuberculosis of the spine remain today the 
same as in the time of Hippocrates,—fresh air and sunlight, nutritious 
food, and adequate rest. I say this advisedly after a thorough trial of 
tuberculin treatment, splenic extract, and the Gerson-Sauerbruch diet. 

8. A case of tuberculosis of the spine cannot be declared cured 
because of the disappearance of muscle spasm, tenderness, and pain. 
It is reasonable to assume a cure under the following conditions: 

a. Disappearance of abscesses or their calcification, as seen in 
the roentgenogram 
b. Block formation of two or more bodies; 
c¢. Closure of sinuses; 
d. Absence of pain, temperature, and muscle spasm; 
e. Consistent gain in weight. 
{ven when all these signs are present and the patient is discharged, ap- 
parently cured, there may be a relapse. In our series there were two 
relapses in the operatively fused cases and one relapse in the unfused 
‘ASES, 
9. A relapse may show itself as: 
a. Reformation of an abscess or sinus; 
b. Appearance of paraplegic phenomena; 
c. Appearance of tuberculosis in another area of the spine. 


10. In general, the lower the site of the lesion, the less the tendency 
to deformity. In cases involving the fourth or fifth lumbar vertebra or 
the fifth lumbar vertebra and the sacrum, healing occurred without any 
deformity. In the upper lumbar area, the deformity was slight, with or 
without fusion. In the thoracic region, with involvement of three or 
more vertebrae, more deformity occurred; this was most marked when the 
sixth or seventh thoracic vertebra formed the center of a focus of seven 
or eight vertebrae. 

11. Comparing the fused cases with the unfused, we found that 
healing required 20 per cent. more hospital days in the operated cases than 
in the unoperated. It may be thought by some that this may have been 
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due to faulty operative technique. This may be true, but in the two re- 
lapsing post-fusion cases with spastic paraplegia in which I did a lamineec- 
tomy, I found the laminae fused by a wall of bone fully one inch thick. 

12. The duration of the disease varies. Mild cases are cured in two 
years; severe cases may last ten years; the average duration is three to 
five years. 

13. In quiescent cases where there was no evidence of an active 
advancing process, particularly in cases of three or more years’ duration 
in which four or more vertebrae were involved, the fusion operation had a 
definite beneficial effect. One patient described the operation as her ‘‘re- 
birth’. In this group, patients could be discharged cured within a few 
months after the operation. In other words, the fusion strengthened a 
spine which had been structurally weakened by the tuberculous process. 

14. The mortality in our series of sixty-six cases was 12 per cent. 
Death occurred because of tuberculous meningitis, amyloidosis, or 
pulmonary involvement. 

15. In our series there were only one case of proved involvement of 
a kidney and two of the lungs. The group differs radically, therefore, 
from the adult cases described by Mather Cleveland. 


CONCLUSIONS 
In children under eighteen years, the fusion operation performed 
during the active stage of the disease does not abbreviate the course of the 
tuberculous process. On the other hand, when done during the repara- 
tive stage, in patients with collapse of three or more vertebrae, it has a 
beneficial effect in strengthening a structurally weak spine. 
1. KipNner, F. C., anp Muro, FELIrE: Comparative Results of Operative and Non- 
Operative Methods of Treatment of Tuberculosis of the Spine in Children. J. Bone 
and Join Surg., IX, 649, Oct. 1927. 
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POTT’S DISEASE: THE INITIAL LESION, THE RELATIVE 

INFREQUENCY OF EXTENSION BY CONTIGUITY, THE NA- 

TURE AND TYPE OF HEALING, THE ROLE OF THE ABSCESS, 

AND THE MERITS OF OPERATIVE AND NON-OPERATIVE 
TREATMENT 

BY PAUL P. SWETT, M.D., BLOOMFIELD, CONNECTICUT, GEORGE E. BENNETT, 


M.D., BALTIMORE, MARYLAND, AND DANA M. STREET, M.D., 
ALBANY, NEW YORK 


The basis of this paper is a clinical and statistical study of the end 
results in a series of 350 cases of Pott’s disease. This study originally 
was undertaken to evaluate the relative merits of the operative and the 
non-operative treatment. In the course of this work many interesting 
phases of spinal tuberculosis have presented themselves, and, in some re- 
spects, the by-products are more important than the original project. 
Chief among these is the discovery of the dominant réle of the abscess in 
the healing process. So marked is the apparent role of the abscess that 
the particular form of the local treatment appears to be relatively un- 
important. Thus it has been found that healing only rarely occurs in the 
presence of an abscess, and this is even more marked if the abscess is 
‘alcified or if calcific debris remains in the vicinity of the lesion. On the 
other hand, healing usually promptly follows the disappearance of the 
abscess. ‘ 

The inspiration for this study came from Dr. Bennett, who provided 
the background of his own extensive experience in the treatment of Pott’s 
disease. The Eastern States Orthopaedic Club sponsored the study, and 
Dr. Robert I. Harris added the impetus which brought the study into focus 
by making available his own clinical material, which had been recorded 
for the purpose of critical study. 


NATURE AND SCOPE OF STUDY 


Realizing that the passage of time often necessitates a downward 
revision of the estimate of the early results in many chronic diseases, it 
was decided to direct attention to the oldest available cases. Therefore, 
much of the material goes back twenty-five years, and no cases are in- 
cluded of less than five years’ duration. 

A representative cross section was assured by the use of cases from 
diverse sources.* Geographical diversity was provided in order to secure 

__ * Approximately 150 cases were supplied by Dr. George E. Bennett and his asso- 
ciates in Baltimore; fifty cases were contributed by Dr. A. Bruce Gill in Philadelphia; 
eighty cases were furnished by Dr. Robert I. Harris in Toronto; and seventy-five were 
provided by Dr. John O’Brien of The Seaside Sanatorium in Waterford, Connecticut. 
Grateful acknowledgment is hereby made to these men and to the institutions which 
they represent,—namely, The Children’s Hospital School and The Johns Hopkins Hos- 


pital in Baltimore, The University of Pennsylvania Hospital in Philadelphia, The Toronto 
Hospital for Consumptives at Weston, Ontario, and The Seaside Sanatorium in Water- 


ford, Connecticut. 
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TABLE I 


PATIENTS BY RECORDING OF EXTENSION OF DISEASE BY CONTIGUITY 


No Extension* Extension Questionable Total 
Patients (Per (Per (Per (Per 
(Cases) Cent.) (Cases) Cent.) (Cases) Cent.) (Cases) Cent.) 
Children 86 42.58 | 50 24.75 66 32.67 | 202 100.00 
Adults ..| 66 60.55 7 6 42 36 33.03 109 100 00 
Total.....| 152 48 87 57 18.33 | 102 32.89 | 311 100.00 


* The infrequency of extension is more marked in adults. The greater incidence of 
extension in children occurs in the thoracic area and this may be due to the conditions of 
treatment. 


racial and environmental differentiation. This also provided clinical 
diversity. Hence the patients in this group were treated by many differ- 
ent surgeons, and, without discrimination, there are included children, 
adults, ward patients, and private patients. From these various sources 
the cases were taken in consecutive order, and every case in which a posi- 
tive diagnosis could be established was used, provided that adequate 
data to meet the exacting demands of our records could be obtained. 
These requirements not only included the usual data in the history, but 
they also necessitated a final follow-up note, a physical examination, and 
a roentgenographic examination. 

The data were recorded on individual abstract forms which have 
proved to be highly satisfactory.** All of the findings were recorded on 
these forms by the research fellow (D. M.8.), and each case was checked 
in detail by the director of the study (P. P. S.), who also examined the 
roentgenograms in all cases and checked the histories in all doubtful cases. 

This paper is restricted to a brief discussion of the following topics, 
together with a presentation of such statistics as bear upon these topics: 
(1) the definition of healing in Pott’s disease, as it is applied in this study; 
(2) the initial lesion; (3) types of healing; (4) the abscess in Pott’s disease ; 

) the relative infrequency of extension of the disease by contiguity; and 
) the relative merits of operative and non-operative treatment. 


(0 
(6 


DEFINITION OF HEALING 


The necessity for a consistent definition of healing was recognized at 
an early stage of this work, but it required considerable time and thought 
to reach a conclusion as to a formula which was both satisfactory and 
universally applicable. It was finally decided to adopt the dictum of 
Percival Pott, who said that bony ankylosis was the thing aimed at in the 
treatment of spinal tuberculosis. It also was determined to base the pres- 
ence of ankylosis upon the roentgenographic appearance. The definition 


** Our grateful thanks also are due to Dr. E. L. Crosby of Johns Hopkins Hospital, 
whose patience and ability provided for us the excellent abstract forms without which 
this study would have foundered in its early stages. 
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Fig. 1-A Fia. 1-B 


Healing, Type 1. Bony ankylosis between two adjacent vertebral bodies with a 
loss of the intervening cartilage. Deformity slight. 


thus derived may be briefly stated as follows: Healing consists of the dis- 
appearance of the destructive lesion, a firm bony ankylosis between the 
remaining portions of the involved vertebrae, and the restoration of a nor- 
mal consistency to the surrounding bone. 

This definition is considered to be too rigid by many pathologists and 
by surgeons as well, but it must be realized that its adoption was for the 
purpose of recording actual healing rather than merely satisfactory clini- 
cal results. One competent pathologist suggests that, while it probably 
is true that granulation tissue, fibrotic material, and calcific debris may 
prevent bony ankylosis, this does not mean a failure of healing. Accord- 
ing to this view, such a condition is regarded as a poor surgical result, but 
not a failure of healing, since the products of the inflammatory reaction 
are inspissated and may remain indefinitely walled off and innocuous. 
However, it was decided not to follow this line of reasoning because: 
(1) There are too many recorded cases of late abscess development and in- 
creasing deformity in the non-ankylosed cases; (2) the statistics thus 
gathered would be less reliable than would be the case if an inelastic 
standard were used. 


INITIAL LESION 


The extent of the disease, the amount of the deformity, and the ap- 
pearance of the healed spine are largely dependent upon the initial lesion. 
This is indicated by the finding that the destructive process in the ma- 
jority of cases does not extend beyond the involvement which was present 
at the time treatment was begun. This finding was a great surprise to 
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us, and for this reason the figures given in Table I have been carefully 
scrutinized. It is probable that this scrutiny has been so rigid that the 
figures actually underestimate the truth of the situation. 

Judging by the roentgenographic appearance, the initial lesion oc- 
curs in the body of the vertebra, where it is found in the following loca- 
tions in order of frequency: (1) the metaphysis; (2) the cancellous portion 
of the body; (3) the periosteum; and (4) the periosteum and the metaph- 
ysis, which sometimes are simultaneously involved. It is to be noted 
that the periosteal process is most likely to appear on either the anterior 
or the posterior aspect of the vertebral body. Strikingly enough, one 
of the earliest roentgenographic signs is compression of the intervertebral 
‘artilage. This often is present before there is positive evidence of bone 
disease. In spite of this, it is believed that the compression of the dise 
results from interference with its nutrition, due to underlying bone disease, 
and that the dise is rarely if ever primarily involved. 


TYPES OF HEALING 


Because of variations in the type and the extent of the initial lesion, 
the age of the patient, the influence of treatment, and certain other fac- 


Fig. 2-A Fig. 2-B 
Healing, Type 2._ Bony ankylosis between two vertebral bodies with disappear- 
ance of one intervening body and the loss of two intervening cartilages. Deformity 
moderate. 
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tors, some of which are not known, the appearance of the healed spine 
varies widely. The chief varieties have been divided into the following 
four groups: 

1. Complete fusion of two contiguous vertebral bodies and a dis- 
appearance of the intervening disc. Slight deformity occurs in this type. 

2. Complete bony fusion of two vertebral bodies with an absence 
of one intervening body and two intervening cartilages. The deformity 
here is moderate. 

3. Complete bony fusion of multiple vertebral bodies with a loss of 
multiple intervening bodies and cartilages. The deformity in this type is 
unrestrained and is marked by dislocations and other bizarre effects. 

4. Solid bony ankylosis of portions of the opposing body surfaces, 
leaving a space in which the cartilage may or may not be healthy. Such 


TABLE II 


PERIOD BETWEEN ONSET AND REEXAMINATION AND RESULT OF TREATMENT IN CHILDREN 


Result of Treatment 
Period between Onset and 
Reexamination 


Healing No Healing Questionable 
(Cases) (Cases) (Cases) 


TABLE III 


PERIOD BETWEEN ONSET AND REEXAMINATION AND RESULT OF TREATMENT IN ADULTS 


Result of Treatment 
Period between Onset and 


Reexamination 


“ae Healing No Healing Questionable 
iain (Cases) (Cases) (Cases) 

2 7 l 
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Deformity 


Fic. 3-B 


a disappearance of multiple intervening bodies and cartilages. 


3-A 


Bony ankylosis between multiple bodies with 


Healing, Type 3. 


severe. 
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a result is questionable and is so classified in this study. The deformity 
here may be of any grade. 

An example of each of these healing types is shown under an ap- 
propriate heading in the accompanying illustrations, and for contrast 
there also is included an example of the sort of result which has been 
classified as a failure of healing. 


ABSCESS 


We were surprised to find early in the process of reviewing these cases 
how constantly the abscess factor entered into the problem. Being quite 
unprepared for this observation, we at first thought it might be more ap- 
parent than real. The evidence continued to pile up as the work pro- 
gressed, and at last there could no longer be any doubt that the abscess 
plays an important part in the healing of tuberculosis of the spine. This 
aspect of the subject therefore is presented rather extensively. 

The tuberculous spinal abscess may be found as follows: 

1. Beneath the strong anterior ligaments, where it is called a para- 
vertebral abscess. 

2. Within the fascial layers after it has escaped from its paraverte- 


bral location. A fascial abscess is designated by the prefix which refers 


TABLE IV 
Type AND REsuLT OF TREATMENT IN CHILDREN (UNDER THIRTEEN) 
Result of Treatment 
ype 
ype Total 


of 
Healing No Healing Questionable* 
Treat t 
eumme™" | (Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) 


40.00 61 43.57 23 16.43 140 100.00 


Non-operative 56 
Operative. 22 35.48 28 45.16 12 19.36 62 100.00 
Total... 78 38.61 89 44.06 35 17.33 202 160.00 
TABLE V 
Type AND Resuvt OF TREATMENT IN ADULTS (OVER THIRTEEN) 
- Result of Treatment 
Type 
Potal 
of 


Healing No Healing Questionable* 
(Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) 

Non-operative . 7 18.92 22 59.46 8 21.62 37 100.00 

Operative... .. 24 33.33 28 38.89 20 27.78 72 100.00 


Total..... | 28 .44 50 45.87 28 25 69 109 


* “Questionable’’ cases are neither “healing” nor ‘‘no healing’, but include some 
arrested cases. 
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to its particular fascial location, such as cervical, mediastinal, extra- 
pleural, lumbar, or psoas. 

3. Within the spinal canal, where it is an extradural abscess. 
Although every tubercle at some stage of its existence contains caseous 
material and the confluence of numerous tubercles produces a gross ab- 
scess, this term is not used until the abscess has ruptured its wall and 
emerged beneath the soft parts. 

In any of these locations the abscess may: (1) become absorbed; (2) 
spontaneously evacuate itself; (3) undergo surgical evacuation; (4) be- 
come calcified; or (5) remain indefinitely without apparent change. 
In this last event the condition is spoken of as a persistent abscess. 

2XTENSION OF DISEASE BY CONTIGUITY 

It is commonly believed that the persistence of an abscess indicates 
continued activity of the disease, but this is not confirmed by the observa- 
tions in this study. Continued activity of the disease should be accom- 
panied by an extension of the process, but this has been found to be 
relatively uncommon. Out of 311 cases in which this factor has been 
recorded, extension by contiguity occurred in only fifty-seven, while no 


TABLE VI 


COMPARISON OF PERSISTENT ABSCESS IN OPERATIVE AND NON-OPERATIVE 
IN CHILDREN AND IN ADULTS 


CASEs, 


Persistent Abscess 


Patients 
Operative Non-Operative Total 
(Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) 
36 35.64 65 64.36 101 100.00 
21 61.76 13 38 .24 34 100.00 
57 42 22 78 57.78 135 100.00 


TABLE VII 


RELATION BETWEEN HEALING AND NON-HEALING IN OPERATIVE AND NON-OPERATIVE 
Cases OF PERSISTENT ABSCESS IN BotH ADULTS AND CHILDREN 


Persistent Abscess 


Result Operative Non-Operative Total 
(Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) 
Healing... .. 8 14.04 18 23 08 26 19 26 
No healing.......... 33 57.89 47 60. 26 80 59 26 
Questionable 16 28 07 13 16. 66 29 21.48 
57 100.00 78 100 00 135 100.00 
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extension was recorded in 152 (Table I). The force of these figures is 
emphasized by the fact that in the entire series an abscess was recorded in 
232 cases, and 135 of these were of the persistent variety. 


CONCLUSIONS DRAWN FROM THIS STUDY 


For the sake of brevity and with no intention of being dogmatic, the 
results of this study, which are included in this report, are presented in the 
form of conclusions, most of which are substantiated by statistics. 


First Conclusion 
A. The treatment of spinal tuberculosis is not satisfactory because: 

1. After an indefinite and unpredictable length of time the lesion 
may heal, but in a disappointingly large number of cases healing fails to 
occur. Tables II and III give the figures concerning this conclusion. 

2. Even when healing does occur, the length of time during which 
the process often remains unhealed is painfully long. This is also shown 
in Tables II and III. . 

3. The mortality is high. Although it is not yet possible to report 
the actual statistics in this connection, the impression which this study 
has given is that about one-third of the patients die within a few years. 


TABLE VIII 


RECORDING OF ABSCESS AND RESULT OF TREATMENT IN CHILDREN 


Result of Treatment 


Abscess Total 
Healing No Healing Questionable 
(Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) 
Recorded. .... 46 29 68 79 50.97 30 19.35 155 100.00 
Not recorded... 16 72.73 5 22.72 1 4.55 22 100.00 
<. 62 35.03 S84 47.46 31 17.61 177 100.00 
TABLE IX 
RECORDING OF ABSCESS AND RESULT OF TREATMENT IN ADULTS 
Result of Treatment 
Healing No Healing Questionable 
(Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) 
Recorded... ... 21 27.27 44 57.14 12 15.59 77 100.00 
Not recorded. . . 3 42.86 2 28 .57 2 28.57 | 7 100.00 


Total | 24 28.57 46 54.76 14 16.67 | 84 100.00 
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TABLE X 


PERSISTENCE OF ABSCESS AND RESULT OF TREATMENT IN CHILDREN 


Result of Treatment 


Abscess 
Healing No Healing Questionable 
(Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) 
Persistent... ... 21 20.79 59 58 42 21 20.79 101 100.00 
Not persistent... 25 46.29 20 37 .04 9 16.67 D4 100.00 
Total. . 46 29 68 79 50.97 30 19 35 155 100.00 
TABLE XI 
PERSISTENCE OF ABSCESS AND RESULT OF TREATMENT IN ADULTS 
Result of Treatment = 
otal 
Abscess 
Healing No Healing Questionable 
(Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) 
Persistent... ... 5 14.71 21 61.76 23.53 34 100.00 
Not persistent. 16 37.21 23 53.49 4 9 30 43 100.00 
Total 21 a7 2 44 57.14 12 15.59 77 100.00 


TABLE XII 
CORRELATION OF HEALING AND NON-HEALING IN THE ENTIRE SERIES WITH HEALING 
AND Non-HEALING IN CASES OF RECORDED ABSCESS 


Result of Treatment = 
Potal 


Healing No Healing Questionable 
(Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) 
Entire series.... 109 35.04 139 44.69 63 20.26 311 100.00 
Abscessrecorded 67 28 88 123 53.02 42 18.10 232 ~=100.00 


TABLE NIII 


OccURRENCE OF FasciaAL ABSCESS AND RESULT OF TREATMENT IN CHILDREN 


Result of Treatment 


Fascial Total 
Abscess Healing No Healing Questionable — (Cases) 
(Cases) (Cases) (Cases) 
17 38 11 67 
29 41 19 88 
46 79 30 155 
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TABLE XIV 


OccURRENCE OF FasctaAL ABSCESS AND RESULT OF TREATMENT IN ADULTS 


Result of Treatment 


Fascial - Total 
Abscess Healing No Healing Questionable (Cases) 
(Cases) (Cases) (Cases) 
15 28 9 
Did not occur. ..........5.. 6 16 3 25 
21 44 12 77 


TABLE XV 


DISPOSITION OF ABSCESS AND RESULT OF TREATMENT IN CHILDREN 


Result of Treatment 


Disposition of Abscess 
Healing No Healing Questionable (Cases) 
(Cases) (Cases) (Cases) 

Spontaneous disappearance 17 2 4 23 
Spontaneous evacuation. ............. 5 6 2 13 
Aseptic evacuation ................:. | 6 2 9 
Incision and drainage................ 6 4 2 12 
10 53 10 73 


Second Conclusion 

A. As determined by the incidence of healing, there is no advantage 
in the operative treatment over the non-operative. This is shown in 
Tables IV and V. 

B. No essential difference has been determined between the merits 
of the various forms of posterior spinal bridging. This is an impression 
and has not yet been subjected to statistical analysis. 

C. The persistent abscess is associated with a high percentage of 
failure of healing. Hence it is important to note that in the operative 
group there is a smaller number of cases of persistent abscess. This is 
shown in Table VI, and it may be a point in favor of operative treatment. 
However, this idea is somewhat invalidated by the finding that in the 135 
cases in which there was a persistent abscess the non-operative treatment 
showed 23.08 per cent. of healing against only 14.04 per cent. for the opera- 
tive group. This is set forth in detail in Table VIT. 


Third Conclusion 


A. The existence of an abscess at some stage of the disease is found 
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TABLE XVI 


DISPOSITION OF ABSCESS AND RESULT OF TREATMENT IN ADULTS 


Result of Treatment 


Disposition of Abscess otal 
Healing No Healing Questionable (Cases) 
(Cases) (Cases) (Cases) 

Spontaneous disappearance... ...... 3 5 0 8 
Spontaneous evacuation. ............. 5 l 7 
Aseptic evacuation... ............. 8 12 3 23 
Incision and drainage......... er 3 4 I 8 
ee 4 16 5 25 
Questionable. ......... 2 2 2 6 


to be the dominant factor in the healing of Pott’s disease. Tables VIII 
and IX show the positive nature of this conclusion. 

B. The persistence of an abscess is accompanied by a serious ad- 
verse effect on healing. It is to be noted that a persistent abscess usually 
is a calcified abscess. Tables X and XI give the basis for this significant 
conclusion. 

C. The adverse effect of the abscess is evident even when comparing 
the figures for the entire series with those in which an abscess was recorded, 


as is done in Table XII. 


TABLE XVII 


CORRELATION OF HEALING AND NON-HEALING FOLLOWING DisposaL OF ABSCESS WITH 
ResuLtts WHEN No CHANGE OccURRED 


Healing No Healing Questionable Total 

(Per Cent.) (Per Cent.) (Per Cent.) (Per Cent.) 
Disposal of abscess. 42.72 42.72 14.56 100.00 
No change........ 14.29 70.41 15 30 100 


TABLE XVIII 


CORRELATION OF RESULTS FOLLOWING DisPosaAL OF ABSCESS WITH THE RESULTS IN 
THE ENTIRE SERIES 


Healing No Healing Questionable Total 

(Per Cent.) (Per Cent.) (Per Cent.) (Per Cent.) 
Entire series... ... 35.05 44.69 20.26 100 00 
Disposal of abscess. 42.72 42.72 14.56 100.00 
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TABLE XIX 
PRESENCE OF SINUS * AND RESULT OF TREATMENT IN CHILDREN 


Result of Treatment 


Healing No Healing Questionable | 
Cases Per Cent..Cases Per Cent.\Cases Per Cent. Cases Per Cent. 


Presence of Sinus 


Sinus under one year. 3 30.00 3 30.00 | 40.00 10 100.00 
Sinus over one year. 4 16.00 | 13 52.00 | 32.00 25 100.00 


4 
8 

Uncertain duration.) 7 53.85 | 4 20.77 | 2 15.38 | 13 100.00 
9 


30.30 37 56 .06 13.64 66 100.00 
Questionable. ...... 12 29.27 | 22 53.66 | 7 17.07 | 41 100.00 
TOMl........20} 29.68 | 79 50.97 | 30 19.35 (155 100.00 


* A sinus was present in 30.43 per cent. of the healed cases and in 25 32 per cent. of 
the unhealed cases. There was no sinus in 43.48 per cent. of the healed cases and in 
46.84 per cent. of the unhealed cases. 

D. During the preliminary review of the cases it was our impression 
that the adverse effects of the abscess were mitigated by gravitation, but 
this idea is not confirmed by the figures shown in Tables XIII and XIV. 

EK. The spontaneous disappearance of an abscess is followed by an 
increased incidence of healing. This is particularly marked in children, 
as is shown in Tables XV and XVI. 

F. Healing is not especially influenced by the spontaneous evacua- 
tion of the abscess, as is indicated by the figures in Tables XV and XVI. 

G. The results following aseptic evacuation and those after incision 
and drainage are not significantly different. This also is shown in Tables 
XV and XVI. 


H. Disposal of the abscess by a combination of all methods gives an 
improvement in the incidence of healing. This is in sharp contrast to 


TABLE XX 
PRESENCE OF SINUS * AND RESULT OF TREATMENT IN ADULTS 


Result of Treatment | 


P f Sinus | Total 
Healing No Healing | Questionable 
Cases Per Cent.'Cases Per Per Cent.\Cases Per Cent. 
Sinus under one year.| 5 55.56 | 2 22.22 | 2 22.22; 9 100.00 
Sinus over one year.| 0 0.00 | 9 81.82 | 2 18.18 | 11 100.00 
Uncertain duration. | 3 23.08 | 9 69.23 1 7.69 | 13 100.00 
WOON... ....... 12 31.58 | 20 52.63 | 6 15.79 | 38 100.00 
Questionable....... 1 16.66 | 4 66.68 1 16.66 | 6 100.00 
a 27.27 | 44 57.14 | 12 15.59 | 77 100.00 


* A sinus was present in 38.09 per cent. of the healed cases and in 45.45 per cent. of 
the unhealed cases. There was no sinus in 57.14 per cent. of the healed cases and in 
45.45 per cent. of the unhealed cases. 
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TABLE XXI 
CORRELATION OF HEALING AND NON-HEALING IN Sinus CAsEs WITH RESULTS FOR 
ENTIRE SERIES 


Healing No Healing Questionable Total 

(Per Cent.) (Per Cent.) (Per Cent.) (Per Cent.) 
Entire series... ... 35.05 44.69 20.26 100.00 
Sinus recorded... . . 27.16 49 38 23 .46 100.00 


TABLE XXII 


COMPARISON OF RESULTS FOLLOWING SINUS WITH RESULTS FROM PERSISTENT ABSCESS 


Healing No Healing Questionable Total 

(Per Cent.) (Per Cent.) (Per Cent.) (Per Cent.) 
Persistent abscess. . . 19 26 59.26 21.48 100.00 
Sinus recorded...... 27.16 49 38 23.46 100.00 


TABLE XNIII 
COMPARISON OF OcCURRENCE OF HEALING AND NON-HEALING BETWEEN THORACIC 
AND LUMBAR AREAS IN ALL AGE GROUPS 


hoon Healing No Healing Questionable Total 

. (Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) 
Thoracic... ... 54 35.06 | 66 42.86 34 22.08 154 100.00 
Lumbar.......| 43 37.72 | 50 43.86 21 18.42 114 100.00 


what is found when no such disposal of the abscess is induced or occurs. 
This important finding is shown in Table XVII. 

I. Contrasting the results following disposal of the abscess with the 
results for the series as a whole, as is done in Table X VIII, it is again evi- 
dent that the abscess plays a dominant role in healing. 


Fourth Conclusion 

A. The existence of a sinus does not materially affect the incidence 
of healing, but it has not yet been determined what effect sinus formation 
has upon mortality. Tables XIX and XX give the relation between 
healing and non-healing in sinus cases. Table X XI shows the correlation 
between healing and non-healing in sinus cases and the results for the series 
as a whole. 

B. From the standpoint of healing alone, it apparently is better to 
have a sinus than it is to have a persistent abscess. This is shown in 


Table XXII. 


Fifth Conclusion 
A. Healing is proportionately more frequent in lumbar lesions than 
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TABLE XXIV 
COMPARISON OF OCCURRENCE OF HEALING AND NON-HEALING BETWEEN THORACIC AND 
LUMBAR AREAS IN CHILDREN 


pron Healing | No Healing Questionable Total 
(Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) (Cases) (Per Cent.) 
Thoracic. ..... 43 35.53 57 47.11 21 17 .36 121 100.00 
Lumbar.......| 28 45.91 25 40.98 8 13.11 61 100.00 


it isin thoracic lesions. Probably there are several factors which influence 
this matter, but it is assumed that the most important factor is the 
greater facility of gravitation of the abscess in the lumbar region. The 
basis for this conclusion is found in Table X XIII. 

B. The frequency of healing in the lumbar area as compared to the 
thoracic region is marked in children, as is indicated in Table XXIV. 


SUMMARY 


1. This study shows that the treatment of spinal tuberculosis is not 
satisfactory, because healing as here defined occurred in only 35 per cent. 
of the cases studied, while in 45 per cent. of these cases healing failed to 
Even if the 20 per cent. of questionable results is credited to the 


4 


occur. 
healed group, this still leaves the chance of healing only a little more than 


even. 
2. In general, the operative treatment offers no advantage over the 
non-operative plan, since it is found that healing occurred in 34 per cent. 
of the cases operated upon and in 36 per cent. of those treated without 
posterior spinal bridging. 

3. The dominant factor in the healing of Pott’s disease lies in the 
occurrence, the behavior, and the disposal of the abscess. While healing 
occurred in 35 per cent. of the total cases, it only took place in 19 per cent. 
of the cases in which a persistent abscess was recorded. The dominance 
of the abscess is further shown by the finding that in all cases in which an 
abscess was recorded the percentage of healing following disposal of the 
abscess increased to 59 per cent. 

4. The evidence inescapably points to the conclusion that the great- 
est need is further study of the abscess factor. To improve the results of 
treatment it is essential that there should be a better understanding of the 
nature of the abscess. There is need for knowledge of the constitutional 
and local factors which influence the occurrence and the disposal of the 
abscess. There also is need for some understanding of the conditions 
which prevent abscess formation and for the development of those tech- 
niques which will be most useful for dealing with the persistent abscess. 

5. Until these basic matters are understood, it is probable that it 
would be good surgical practice to undertake early aseptic evacuation of 
the abscess wherever it may be located. 
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